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EXPERIMENTS ON THE SYNTHESES OF FURANO COMPOUNDS. PART IX. 
A SYNTHESIS OF a-BRAZAN AND THE RELATED QUINONE* 


By J. N. CHATTERJEA 


Syntheses of a-brazan and the related o-quinone (isolated as the quinoxalin derivative, VII) are 
reported, Cyclisation of -3-dibenzofurylbutyric acid furnished the cyclic ketone (XI) which was 
converted into 8-brazan and its 10-methy! derivative. . 


In a previous communication an unambiguous synthesis of «-brazan (I: R=H) from 
4-dibenzofuryl-lithium was described (Chatterjea, this Journal, 1956, 33, 369). A general 
route to the same ring system is now described starting from 2-phenylcoumarone-3- 
carboxylic acid (II). 


| cops 


CH 
(I) R [1I: R = COOH; l 
Ill: R = CH,COOH] R 
an [IV:R = CN, R’ = Me; 
\ 
| COOH 
N (VIII) 


A synthesis of the acid (II) from o-hydroxyphenylacetonitrile was reported in a 
previous paper (this Journal, 1956, 33,175). ‘This has now been prepared in a better over- 
all yield from the keto-nitrile (IV), obtained by the condensation of ethyl benzoate and 
o-methoxyphenylacetonitrile. On treatment with alcoholic hydrogen chloride in the 
presence of calculated amount of water, this nitrile (IV) afforded a mixture of the 
corresponding ester (V) along with a small quantity of the related amide (cf, 
Wislicenus et al., Annalen, 1924, 486, 88). The ester (V) underwent demethylation, 
cyclisation and hydrolysis on boiling with aluminium chloride in benzene, affording 
the acid (II) along with o-hydroxybenzylphenyl ketone (VI. isolated as the oxime). 


* A preliminary account appeared in Exper., 1956, 12, 18. 


(VII) 0 
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This was followed by homologation by the Arndt-Eistert procedure to 2-phenyl- 
coumarone-3 acetic acid (III), isolated by way of the amide. This acid underwent 
cyclisation in quantitative yield with phosphoric anhydride in boiling benzene, yielding 
5-hydroxy-z-brazan (I:R = OH). On oxidation with chromic acid, this ¢-naphthol 
derivative furnished a mixture of products from which the quinoxalin derivative (VII) 
was isolated on condensation with o-phenylenediamine. The structure of this 
compound, originally prepared by Kruber and Oberkobusch (Chem. Ber., 1951, 84, 
831) from «-brazan, is established by the present synthesis. On oxidation with 
hydrogen peroxide this hydroxybrazan afforded the dicarboxylic acid {VIII) which 
was identified by decarboxylation with lime to 2-phenylcoumarone. Reduction by 
boiling hydriodic acid furnished «-brazan in good yield. 

The syntheses of 2-methyl-5-hydroxy-%-brazan and of the corresponding quinone 
were carried out in a similar manner. 


A different synthesis of %-brazan was projected from y-3-dibenzofurylbutyric acid 
(IX) which was expected to furnish on cyclisation the ketones (X) and (XI). Actually, 
however, (X) was never obtained, the sole product being (XI) on cyclisation with H,SO,. 


O 


CH,.CH,..CH.COOH 

(X) inl 


O 


(IX) (XT) 


In this connection, it may be recalled that two ketones were derived from y-2-dibenzo- 
furylbutyric acid (this Journal, 1953, 30, 103) and that on the application of Skraup’s 
method to 3-aminodibenzofuran, two isomers were obtained in nearly equal amounts, 
the ring-closure having taken place in both possible directions (Mosettig and Robinson, 
J. Amer. Chem. Soc., 1935, 51, 902). The butyric acid (IX) was obtained from 
3-nitrodibenzofuran in the following sequence : 


-NO, —> -NH, —> -CN — -COCH,; -—> -COCH,Br -> -COCH.CH -(COOH), —> 
-COCH:.CH,COOH —> (IX). 


The structure of the ketone (X1) has been determined by converting it into 8-brazan, 
structure of which is now well established. 10-Methyl-8-brazan was prepared from (XI) 
by the usual method. 


ExPERIMENTAL*® 


o-Methoxybenzyl Cyanide.—This was prepared from o-methoxybenzaldehyde via 
the azlactone after Baker et al. (J. Chem. Soc., 1953, 1860) with two minor 
useful changes, viz., (i) the azlactone was hydrolysed with boiling alkali for a longer 
period (1$ hours) and (ii) the bisulphite compound of o-methoxyphenylpyruvic acid 


* All m.ps. are uncorrected. 
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was decomposed with strong HCl for 2 hours with constant stirring on a boiling 
water-bath. The overall yield of the cyanide was 46-48%, m.p. 69.5°. 

Keto-nitrile (1V).—A mixture of the above cyanide (1.5 g.) and freshly distilled 
ethyl benzoate (1.5 g.) in benzerie (15 c.c.) was added to dry sodium ethoxile (from 
Na, 0.23 g-) and refluxed on the water-bath for 4 hours. The mixture was treated 
with iced water, unchanged material removed with ether and the aqueous layer 
acidified to furnish an oil {1.1 g.) which solidified on keeping. Crystallised from acetic 
acid the nitrile was obtained in colorless prisms, m.p. 88-89°. (Found: C, 76.6; 
H, 5.2;-N, 5.6. Cie6H,30,N requires C, 76.5; H, 5.2; N. 5.6 percent). The anil, 
obtained by boiling the keto-nitrile with aniline, crystallised from alcohol in colorless 
plates, m.p. 162°. 

If the above condensation is done with powdered potassium in benzene, an equally 
good yield of the keto-nitrile is obtained and an alkali-insoluble byproduct, m.p. 
289° (colorless plates from acetic acid), is also formed in small quantity. (Found: N, 
6.4 per cent). 

Ethyl (o-Methoxyphenyl)-benzoylacetate (V}.—The foregoing keto-nitrile (5.6 g.) 
was added to a mixture of dry alcohol (30 c¢.c.) and water (0.8 c.c.) and then 
saturated with dry HCl gas in the cold and left at the ordinary temperature for 48 
hours. Alcohol was then removed by distillation when ammonium chloride separated 
from the solution. The mixture was poured into water and extracted with ether. 
The residue on removal of ether afforded the amide (IV:CONH, in place of CN; 
1.3 g-) which crystallised from alcohol in colorless needles, m.p. 155°. (Found: N, 
‘5.1. CisH,;0;N requires N, 5.2 per cent). The mother-liquor on keeping deposited 
colorless lumps of the ester (V) (4.0 g.), erystallising from alcohol in colorless prisms, 
m.p. 71-72°. (Found: C, 72.3, 72.3; H, 5.4, 5-7. CisHisO, requires C, 72.5; H, 
6.0 per cent). 

2-Phenylcoumarone-3-carboxylic Acid.—The above ester (2.0 g.) was dissolved 
in dry benzene (20 c.c.), treated with anhydrous AICI, (4.2 g.) and refluxed on the 
water-bath for 2 hours. On ccoling two layers separated. The mixture was 
decomposed with ice, extracted with ether, dried, filtered from slimy matter and then 
the solvent removed. The residue was treated with warm 15% NaOH solution 
(30 c.c.} and filtered hot. ‘he filtrate deposited fine colorless plates of the sodium 
salt of the acid (II) (0.6 g.) (filtrate A) which was acidified to furnish the acid, crystal- 
lising from alcohol in colorless needles, m.p. and mixed m.p. 195°. (Found: C, 
75-3; H, 4.2. Cale. for C,sHioOs: C, 75.6; H, 4.2 per cent). The identity was 
further confirmed by converting the acid into the amide, m.p. 261°, undepressed on 
admixture with an authentic specimen (Chatterjea, loc. cit.). 


The alkaline filtrate (A) was treated with hydroxylamine hydrochloride (1 g.) 
and heated on the water-bath for 4 hours. On acidification, the oxime of o-hydroxy- 
benzylphenyl ketone, m.p. 138-39° (from alcohol), was obtained, Dilthey and Quint 
J. prakt. Chem., 1931, 181, 1} report m.p. 138-39° for the oxime. (Found: N, 6.2. 
Cale. for C,,H:;0,N: N, 6.1 per cent). If the filtrate (A) is carefully acidified in 
‘the cold, a mixture of the o-hydroxybenzylphenyl ketone (unstable) and 2-phenyl- 
coumarone (derived from the ketone by facile cyclisation), m.p. 105-119", is obtained. 


| 
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The m.p. was raised to 120° either on keeping or by short treatment with warm acid, 
and the material was fully identified as 2-phenylcoumarone by mixed m.p., colour 
reaction and by analysis. (Found: C, 86.5; H, 5.3. Calc. for C,,H,,O: C, 85.6; 
H, 5.2 per cent). Dilthey and Quint (loc. cit.) and Vates (J. Amer. Chem. Soc., 
1952, 74, 5376) also record the cyclodehydration of the ketone in the process of isolation. 


2-m-T olylcoumarone-3-carboxylic acid was prepared from  o0-hydroxyphenyl- 
acetonitrile. A mixture of the nitrile (2.8 g.), ethyl m-methylbenzoate (3.4 g.) in 
pure dry benzene (25 c.c.) was added to anhydrous sodium ethoxide (from Na, 1.0 g.) 
and refluxed for 18 hours. The cooled mixture was treated with iced water, the 
alkaline layer acidified and the product isolated with ether. After removal of the 
ether, the residue was dissolved in acetic acid (6 c.c.), treated with HCl (conc., 
I c.c.) and warmed on the water-bath for 2 hours. The whole mixture was basified 
when 3-cyano-2-m-tolylcoumarone (2.1 g.) separated, crystallising from acetic acid 
in colorless plates, m.p. 71-72°. (Found: N, 6.1. C,.H,,ON requires N, 6.0 per 
cent). With sulphuric acid the compound slowly developed a pinkish colour. 


On hydrolysis with alcoholic sodium hydroxide on the water-bath for 8 hours, 
this cyano compound afforded the corresponding amide (quantitative yield), crystal- 
lising from acetic acid in colorless needles, m.p. 241°. (Found: N, 5.7. CisH:;0,N 
requires N, 5.6 per cent). On further hydrolysis in diethyleneglycol (10 c¢.c.) with 
NaOH (0.6 g.) at 200° for 14 hours, this amide (0.25 g.) furnished a mixture of acids 
which on crystallisation from dilute alcohol afforded 2-m-tolylcoumarone-3-carboxylic 
acid (0.11 g.), m.p. 168-69°. (Found: C, 76.5; H, 5.0. CisH,20, requires C, 76.2; 
H, 4.8 per cent). m-Toluic acid was obtained from the alcoholic mother-liquor. 


2-Phenylcoumarone-3-acetic Acid.—2-Phenylcoumarone-3-carboxylic acid (2.0 g.) 
was converted into the acid chloride by boiling with purified thionyl chloride (4 c.c.) 
in dry benzene (ro c.c.) and a drop of pyTidine. The volatile distillable materials 
were removed in vacuuin, last traces being removed by the addition of benzene (2 x § c.c.), 
followed by its removal in vacuum. The oily acid chloride was dissolved in dry ether 
(20 c.c.), filtered from pyridine hydrochloride and added dropwise with stirring to a 
cooled solution of diazomethane (from nitrosomethylurea, 6 g.) in ether (70 c.c.). 
The mixture was left overnight in the cold when crystalline diazoketone separated. 
After removal of ether in vacuum, the diazoketone was collected and obtained from 
benzene-petroleum ether in yellowish prisms (1.8 g.), m.p. 126-27° ‘decomp.). 
(Found: N, 10.8. C,s6H,.O.N, requires N, 10.7 per cent). A solution of the 
diazoketone (1.7 g.) in pure dioxan (40 c.c.) was added slowly to a solution of silver 
nitrate {2.0 g.) in NH,OH (conc., 12 ©¢.c.) at 65°-70°. After the addition, the 
mixture was maintained at 70° for 14 hours and at 1roo° forrhour. The mixture 
was filtered, diluted with water, the precipitated amide collected and hydrolysed 
with aqueous alcoholic potash (12%) for 4$hours. The alkaline solution was diluted 
with water (30 ¢.c.), clarified by norite, filtered and acidified to provide the acetic 
acid (11]), which crystallised from ethyl acctate-light petroleum in colorless plates, 
m.p. 142-43°, yield 1.4 g. (Found: C, 76.4; H, 5.1. C,.6H,.0; requires C, 76.2; 
H, 4.8 per cent). With H,SO, the compound developed a yellow colour which turned 
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green and then orange-red. Tie p-toluidide, prepared by way of the acid chloride, 
crystallised from acetic acid in colorless leaflets, m.p. 209°. (Found: C, 80.7; H, 
5.6. Cz3H1,90,N requires C, 80.9 ; H, 5.6 per cent). 

2-m-Tolylcoumarone-3-acetic acid was prepared from 2-m-tolylcoumarone-3-cat- 
boxylic acid in the same way as above through the related diazoketone, and obtained in 
yellow needles, m.p. 126-27° (decomp.). The acid crystallised from ethyl acetate- 
light petroleum in colorless fluffy needles, m.p. 114°, yield 70%. It developed with H,SO, 
a yellow colour, turning green to orange-red. (Found: C, 76.4; H, 5.2. C,,H,.Os 
requires C, 76.6; H, 5.3 per cent). The p-toluidide crystallised from acetic acid in 
colorless plates, m.p. 190°. (Found: N, 4.7. <H.,0,N requires N, 3.9 per cent). 


5-Hydroxy-a-brazan.—The acid (III, 1.2 g.) was dissolved in warm dry benzene 
(40 c.c.) and treated with phosphoric anhydride (7 g.) and refluxed on the water-bath 
for 34 hours. The mixture was treated carefully with ice, the benzene layer washed 
with sodium carbonate solution, dried and the solvent removed. The residue (0.9 g.) 
of nearly pure 5-hydroxy-2-brazan was collected, washed with alcoliol and crystallised 
from acetic acid in cream-coloured crystalline mass, m.p. 204-205°. -(Found: C, 
82.1; H, 4-5. CisHiwO, requires C, 82.1; H, 4.3 per cent). The compound is 
almost insoluble in alcohol and difficultly soluble in aqueous alkali. 

2-Methyl-5-hydroxy-a-brazan was similarly prepared from 2-m-tolylcoumarone-3- 
acetic acid and obtained in cream-coloured plates, m.p. 165-66° from acetic acid. 
(Found: C, 82.5; H, 4.9. C,:Hi:0, requires C, 82.3; H, 4.8 percent). Attempt 
to prepare the methyl ether with methyl iodide and potassium carbonate in acetone 
gave unchanged material. 


Oxidation of 5-Hydroxy-%-brazan 


(a). With Chromic Acid.—To a boiling solution of the phenol (0.4 g.) in purified 
acetic acid (20 c.c.) was added a solution of chromic acid (0.5 g.) in water (0.5 ¢.c.). 
A vigorous exothermic reaction took place; boiling was continued for $ hour, most 
of the acetic acid removed by distillation in vacuum and then the solution diluted with 
water. The precipitated orange-red resinous material was collected, washed, dissolved 
in acetic acid (5 c.c.) and heated with o-phenylenediamine (0.1 g.) for a few minutes, 
when the quinoxalin (VII) separated as a yellow crystalline material. (100 mg.) which 
on crystallisation from alcohol was obtained in greenish yellow needles (filtrate shows 
_green fluorescence), m.p. 250-53° (Kruber and Oberkobusch, loc. cit., report m.p. 
252-53°). (Found: C, 83.03 H, 4.1. Calc. for C22H,,ON2: C, 82.5; H, 3.8 per cent). 
The quinoxalin, derived by condensation with o-tolylenediamine, was obtained from 
acetic acid in greenish yellow needles, m.p. 241° (with prolonged sintering). (Found : 
N, 8.5. CssH.,ON; requires N, 8.4 per cent). 

2-Methyl-5-hydroxy-2-brazan on similar oxidation with chromic acid provided 
the corresponding o-quinone, characterised as the quinoxalin derivative, m.p. 252° 
from acetic acid. (Found: N, 8.2. C,;H.,ON, requires N, 8.4 per cent). 

(b). With Hydrogen Peroxide.—A suspension of the phenol (0.2 g.) in boiling 
acetic acid (4 c.c.) was treated gradually with hydrogen peroxide (4 ¢.c., 30%). The 
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mixture became slightly reddish, and boiling continued for 14 hours when all the 
material went into solution. On _ precipitation. with water 2-(o-carboxyphenyl)- 
coumarone-3-carboxylic acid (VIII) was obtained. This was purified by clarifying 
the alkaline solution with norite. The acid was obtained from dilute alcohol as a 
colorless mass, m,p. 279-80° (Kruber and Oberkobusch, loc. cit., report m.p. 280-81°). 
On decarboxylation with the aid of lime, 2-phenylcoumarone, m.p. 120°, was obtained. 

a-Brazan.—A mixture of 5-hydroxy-2-brazan {0,1 g.) and HI (d 1.7, 4 c.c.) was 
boiled under reflux for 6 hours. %-Brazan condensed on the inner wall of. the 
condenser as colorless, long, prismatic needles, having the characteristic odour. The 
whole mixture was extracted with ether, washed with sodium thiosulphate, filtered, 
dried and the solvent removed. ‘The residual oil, which slowly solidified, was crystal- 
lised from alcohol in long prismatic needles, m.p. and mixed m.p. 102-103° (Kruber 
and Oberkobusch, loc. cit., report m.p. 103-104"). “ 


Infra-red spectrum : (Fig. 1). Amel: 8.318, 8.48s, 9.498, I1.49S, 12.138, 13.258; 9.15m, 


10.91m, 12.71mM; 6.35w, 6.56W, 7.13W, 7.45W, 7-64W, 7.83W, 8.22w, 8.64w, 12.33W 
and 14.66z, 


Fic. 1 
DNFRARED ABSORPTION SPECTRUM OF & -BRAZAN 


3-A minodibenzofuran.—3-Nitrodibenzofuran (1.0 g.), prepared according to Borsche 
and Bothe (Ber., 1908, 44, 1940), was suspended in alcohol (15 c.c.) and shaken in 
an atmosphere of hydrogen in the presence of Raney nickel (5 c.c. sediment) for 14 
hours when approximately 3.2 molecular proportion of hydrogen was absorbed and 
"the suspended material went into solution. On concentration after the removal of 
the catalyst, the amine was obtained in a pure condition on careful addition of water. 
This was obtained in colorless plates (0.9 g.), m.p. 94°. Borsche and Bothe report 
m.p. 94°. 

3-Cyanodibenzofuran was prepared from the foregoing amine by Sandmayer’s 
reaction according to Borsche and Bothe (loc. cit.). The best yield of the purified 
material (m.p. 122-23°; lit., ‘m.p. 120°) was 25%; use of sodium cyanide in place of 
potassium cyanide gave inferior results (yield 16-20%). The nitrile is best purified 
by crystallisation from acetic acid. 

3-Acetyldibenzofuran.—A solution of the above cyanide (12.0 g.) in benzene 
(35 c.c.) was added to an excess of methylmagnesium iodide (ca, 2. moles) in-ether. 
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The mixture was refluxed for2 hours and then left overnight. Next day, the 
complex was decomposed with ice and HCI, the organic layer separated, washed with 
water and the solvent removed under reduced pressure. The residue was crystallised 
from alcohol in colorless plates (7 g.), m.p. 144°. (Found: C, 80.0; H, 5.0. 
C,4H,»O, requires C, 80.0; H, 4.8 per cent). The 2:4-dinitrophenylhydrazone 
crystallised from acetic acid in orange-red needles, m.p. 282-83°. (Found: N, 13.7. 
C.0H,,O;N, requires N, 14.3 per cent). 

3-Bromoacetyldibenzofuran.—A solution of the foregoing methylketone in 
chloroform (20 parts) was treated at the room temperature with bromine (1 mole). 
Towards the end of the addition, the evolution of hydrogen bromide was copious. 
After removal of the solvent, the bromoacetyl compound was obtained in quanti- 
tative yield, crystallising from acetic acid in colorless plates, m.p. 150-52°. (Found: 
C, 57.7; H, 2.7. C.,4H,O.Br requires C, 58.1 ; H, 3.1 per cent). 

8-3-Dibenzofuroylpropionic Acid.—A solution of the foregoing bromoketone 
(3.2 g.) in benzene (12 c.c.) was added to a suspension of sodiomalonic ester (sodium, 
0.25 g., ethyl malonate 1.8 g.) in benzene (25 c.c.). The mixture was refluxed for 
3 hours. Sodium bromide separated quickly. The mixture was acidified, the benzene 
layer separated and the solvent removed in vacuum. ‘The crystalline residue was 
refluxed for 1 hour with MeOH-KOH (2 g. in 30 c.c., 50%). The potassium salt of the 
malonic acid separated towards the end. Methanol was removed by evaporation and 
the residue extracted with hot water (charcoal), filtered and acidified. The crude 
malonic acid (3.5 g.) was dried and heated at 190°-200° (oil-bath) for 10 minutes when 
the evolution of carbon dioxide was substantially complete. The dark melt was 
extracted with sodium carbonate solution, clarified with charcoal and acidified. 
Brownish crystals of the propionic acid (1.5 g.) were obtained, crystallising from acetic 
acid in brownish plates, m.p. 210-12°. ‘Found: C, 72.0; H, 4.8. CysH,20, requires 
C, 71.7; H, 4.5 per cent). 


y-3-Dibenzofurylbutyric Acid.—The above keto-acid (1.0 g.) in diethyleneglycol 
(5 c.c.) containing KOH (0.8 g.) was treated with hydrazine hydrate (0.8 c.c., 90%) 
and refluxed mildly for 14 hours. After removing water by distillation, the 
temperature was raised to 205° and maintained at this temperature for 3 hours. The 
mixture was diluted with water, acidified with HCl (conc.) and the butyric acid 
{0.9 g.) crystallised from benzene-light petroleum in colorless plates, m.p. 116°. 
(Found: C, 76.0; H, 5.5. Ci¢H,,O; requires C, 75.6; H, 5-5 per cent). 


10-Keto-7 :8:9 :10-tetrahydro-8-brazan.—The above butyric acid (0.6 g.) was 
dissolved in 90% H.,SO, (20 g.} and the dark mixture left at the ordinary temperature 
for 20 minutes and then poured into ice. The crystalline product was collected, 
washed with dilute NaOH solution and crystallised from alcohol. The ketone was 
obtained in long homogeneous leaflets (0.16 g.), m.p. 131°. A further yieid (0.04 g.) 
of the same product (m.p. and mixed m.p. 131°) was obtained from the mother-liquor. 
(Found: C, 81.0; H, 5.3. CieHi20, requires C, 81.4; H, 5.1 per cent). The oxime 
crystallised from ethanol in colorless needles, m.p. 217-18°. (Found: N, 6.2. 
C:6H,30,N requires N, 5.6 per cent). 
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8-Brazan.—A slurry of LiAiH, (0.1 g.) was added to a solution of the above cyclic 
ketone (0.05 g.} in ether (10 c.c.) at the ordinary temperature with the exclusion of 
moisture. The reaction mixture was decomposed after 20 minutes with ethyl acetate 
and then acidified with HCl (dil.). The ethereal layer was dried (sodium sulphate!. 
the solvent removed and the residual gum mixed with palladised charcoal (15 mg.) 
(Linstead and Thomas, J. Chem. Soc., 1940, 1127) and heated at 310°-320° for 2 
hours. The whole mass was then repeatedly extracted with warm benzene which 
on concentration furnished beautiful plates of 8-brazan, m.p. and mixed m.p. 206-207° ; 
yield 30 mg. 

10-Methyi-8-brazan.—A solution of the above ketone {0.09 g.) in anhydrous ether 
(5 c.c.) was added to an excess of ethereal methylmagnesium iodide, and the mixture 
refluxed for } hour. After decomposing with ice and HCl, the carbinol was isolated 
as a viscous gum which was dehydrogenated with palladised charcoal (100 mg.) for 
2 hours at 300°-320°. 10-Methyl-8-brazan was obtained in colorless plates (25 mg.}, 
m.p. 99-92° from a small volume of ethanol. (Found: C, 88.4; H, 5.6, C,:H,,0 
requires C, 87.9; H, 5.2 per cent). 

The author wishes to thank Principal M. Q. Doja and Prof. B. P. Gyani for 
facilities. The absorption spectrum was kindly taken by T. Mukherjee of Wayne 


University. 
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SYNTHESIS OF SOME AMINO-ACIDS AND RELATED 
PRODUCTS. PART I 


By P. B. MAHAJANI AND J. N. Ray 


Methyleleamino-acetonitrile has been condensed with various aldehydes to yield some amino- 
acids. The method is capable of being extended in various directions. 3-Aminocoumarin derivatives 
can also be prepared from methyleneamino-acetonitrile. 


The discovery of Rose and co-workers that certain amino-acids are essential for human 
and animal nutrition raises the problem of synthesis of amino-acids by newer methods 
which can be applied industrially. _Methyleneamino-acetonitrile, CH,:N.CH,CN, 
which can be readily prepared from accessible materials, has been chosen in this 
investigation as the starting material. It was thought that the reactive methylene 
group would be amenable to condensation with aldehydes. In presence of sodium 
ethoxide, it reacts with aliphatic aldehydes to furnish an aldol type of reaction product 
which can be readily hydrolysed to an amino-acid, thus : 


CH,.N.CH;.CN + R.CHO — CH, :N.CH.CN NH, -CH.COOH 
(I) R.CH.OH R.CH.OH 
(II) (IIT) 


By this process, scrine has been prepared in an excellent yield using formaldehyde 
as the aldehyde component. This method is much superior to that of King (J. Amer. 
Chem. Soc., 1947, 69, 2738) or of Gandry (Canadian J. Res., 1948, 27B, 421) or other 
later methods. The important amino-acid, dl-threonine, has also been synthesised by this 
method using paraldehyde asthe second component. Here again, the simplicity of the 
process makes it the most convenient method of preparation described uptil now. 
But when an aromatic aldehyde was chosen as the second component, the aldol phase 
could not be isolated, the corresponding unsaturated compound having been formed in 
its place. 

CH,:N CH,CN + CHO.R' CH, 
CHR 
(IIIB) 

The latter can be easily , hydrolysed to the related unsaturated amino-acid, whence 
the saturated amino-acid can be readily prepared by reduction with sodium amalgam. 
Anisic aldehyde, piperonal and veratric aldehyde have afforded the related amino-acids. 

With o-hydroxyaldehydes the reaction does not proceed well; but if hydrogen 
chloride is used as a condensing. agent, from salicy! aldchyde an excellent yield of 
3-aminocoumarin is obtainable, . -Similarly, methoxysalicylaldehyde (1 : 2 : 3) or resoreylic 
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aldehyde, also furnished the related’ 3-aminocoumarin derivatives. The present method 
can be used as a preparative process for 3-aminocoumarin derivatives. 


O 
oon 
| | C=NH CO 

CH CH 

(Vv) (VI) 


Methyleneamino-acetonitrile condenses with phenols (phenol, 8-naphthol, p-cresol, 
m-cresol) to furnish diarylmethanes via the related aminonitriles, thus : 


OH 
OO + CH,=N.CH.CN CH,.NH.CH,CN 
V A 
+ B-naphthol 


+ (NH,.CH.CN)a 
YY 


_ The reaction can be stopped at the intermediate stage and the aminonitrile can be 
isolated whence the related amino-acid (IV : COOH in place of CN) could be obtained by 
hydrolysis with acids. 

EXPERIMENTAL 


Condensation of Methyleneamino-acetonitrile with Paraformaldehyde: Formation of 
Serine.—A warm solution of methyleneamino-acetonitrile (3 g. in 30 c.c.) was mixed with 
a solution of paraformaldehyde (1.5 g.) in alcohol, the latter being made with the help 
of a few drops from a soluiion of sodium ethoxide (from 1.15 g. of Na). The tempera- 
ture was maintained at 50°-60° and the balance of ethoxide solution added in about 
10 minutes. The solution was cooled to 40° and left for 12 hours at this temperature. 
The solution was then made just acidic with acetic acid and concentrated to half its 
volume in vacuo. On cooling to 10°, a white crystalline deposit separated. This was 
collected, washed and recrystallised from absolute ethanol, m.p. 64°, yield 2.5 g. 
(Found: N, 28.6. Calc. for C,H,ON,: N, 28.5 percent). This substance is (II: R=H). 

The above product (2.5 g.), dissolved in the least amount of water, was 
treated with 2-molar equivalents of 10% H,SO, and the mixture warmed on the steam- 
bath. Excess of sulphuric acid was removed with BaCO, and the solution concentrated 
gently on the steam-bath. The separated crystalline deposit was recrystallised from 
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minimum of water, when dl-serine (colorless crystals) separated (yield 2.0 g.), m.p. and 
mixed m. p. with an authentic sample, 246°. 

When a large-scale preparation involving kilogram quantities was made, certain 
minor changes in the condition had to be introduced. 

Synthesis of dl-Threonine.—Methyleneamino-acetonitrile (3.4 g.) in absolute alcohol 
(30 c.c.) was treated with paraldehyde (2.2 g.) in absolute ethanol. ‘Io the mixture was 
added a solution of ethoxide made from Na (1.15 g.) After incubating the solution at 
40° for 12 hours, it was concentrated in vacuo. On cooling at o°,a faint yellow solid 
separated. This was collected and hydrolysed with HClona steam-bath. ‘The pu of 
the solution was adjusted to the isoelectric point of threonine, when it separated in 
colorless crystalline form. Recrystallised from methanol it had m.p. 229° (decomp.), 
and was identified as dl-threonine (III: R=Me) by direct comparison and by Ry value ; 
yield 70%. 

Condensation of p-Anisaldehyde with Methyleneamino-acetonitrile : Formation of 
«. Cyano-a-methyleneamino-B-p-methoxyphenylethylene (III B:R'=p-methoxyphenyl).— 
The condensation was carried out essentially as described for threonine, using the same 
molar quantities. After reduction of volume, a bright yellow product separated on 
cooling which was crystallised from 80% ethanol, m.p. 126°, yield 70%. (Found':N, 
15.02. Cale. for C,,H,ON,:N, 15.05 per cent). The above product was hydrolysed 
with 15% HCl at 100°, and on removing the excess of HCI with sodium acetate (px of 
solution ca. 5.5), it crystallised in fine colorless needles, m.p. 155°. (Found: N, 7.4. 
CioH,0;N requires N, 7.2 percent). It is 2-amino-8-p-methoxyphenylacrylic acid. 
The above acid was dissolved in water with least amount of NaOH solution and reduced 
with excess of 24% sodium amalgam. The px of the solution was adjusted to 5.5, and 
on concentration it afforded dl-tyrosine, m.p. and mixed m.p. 29a° (decomp.), yield 60% 
of theory. 

Similarly, in the above experiment, when piperonal replaced anisic aldehyde, the 
intermediate product (IV:R’ = 3 :4-methylenedioxy-phenyl) was obtained in 80% yield. 
Recrystallised from hot benzene in bright yellow needles it had m. p. 220°. (Found: 
C, 66.2; H, 4.3; N, 14.2. Cy,H.O,N2 requires C, 66.0; H, 4.0; N, 14.0 per cent). 

The above compound (4.0 g.), suspended in water, was hydrolysed with 15% HCl 
(60 c.c.) till the whole passed into solution. The solution was then adjusted to about px 4 
and concentrated, when the acrylic acid (3.7 g.) separated. The colorless acid was 
recrystallised from hot water, m.p. 127°. (Found: N, 6.8. C,oH,O.N requires 
NN, 6.7 per cent). 

The above acid was reduced with sodium amalgam and the related saturated acid 
was isolated viathe copper salt. Recrystallised from hot water it had m.p. 238°. 
[Found :N, 6.65. Cale. for CoH,,O.N (amino-3 : 4-methylenedioxyphenylpropionic 
acid) :N, 6.6 per cent], 

The related veratric aldehyde product furnished the intermediate (IV: R' = 3 :4- 
dimethoxyphenyl), m.p. 172°. (Found : C, 66.5; H, 5.9; N, 13.1. Ci2H),0,N, 
requires C, 66.6; H,5.6; N, 13.0 percent). The related «-amino-G-3 : 4-dimethoxy- 
phenylacrylic acid had m.p. 143° after crystallisation from hot, very dilute ethanol. 
(Found :N, 6.4. Calc. for C,,H,s0O,N :N, 6.3 per cent). 
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Condensation of Methyleneamino-acetonitrile with Salicylaidehyde: Formation of 
3-Aminocoumarin.—A solution of salicylaldehyde (6.1 g.) and methyleneamino-aceto- 
nitrile (3.4 g.) in glacial acetic acid was saturated with HCl ato’ and left at that 
temperature for 12 hours. The brightred deposit was collected and hydrolysed by 
refluxing with HCl. After dissolution in sodium hydroxide solution and reprecipitation, 
the yellow-coloured product was crystallised from dilute alcohol in tiny needles, m.p. 
and mixed m.p. with an authentic sample, 127-28°. Acetyl derivative, m.p. 201°, 
yield 5.6 g. When o-methoxysalicylaldehyde (1:2:3) (7.6 g.) replaced salicylaldehyde in 
the above experiment, the related 8-methoxyaminocoumarin, m.p. 201°, was obtained in 
60% yield. (Found: N, 7.4. CisHsO,N requires N, 7.3 percent.), Similarly (-resor- 
cylic aldehyde afforded 7-hydroxy-3-aminocoumorin, m.p. > 260° in similar yield, 
(Found: N, 8.1. C,H,O,N requires N, 7.9 per cent). 

Condensation of p-Cresol with Methyleneamino-acetonitrile.—p-Cresol (5 g.) was 
added to a solution of KOH (2 g.) in minimum cf water and the solution was buffered 
to pu 9. Methyleneamino-acetonitrile (3.2 g.) in absolute ethanol (25 c.c.) was added to 
the above and the mixture refluxed for 1 hour. After removal of most of the alcohol 
in vacuo, the mixture was made acidic with acetic acid, when an oil separated from 
which a white crystailine solid, m.p. 192°, was obtained and it was identified as a polymer 
of methyleneamino-acetonitrile, ‘The residual thick oil was hydrolysed with HCl and the 
acid solution on concentration gave the hydrochloride of 8-p-homocresylaminoacetic 
acid (IV:COOH in place of CN), m.p. 243°. (Found:N, 6.3. Calc. N, 6.0%). 
Similarly m-cresol in the above experiment afforded the related atnino-acid hydrochloride, 
m.p. 209°. (Found :N, 6.6. Cale, N, 6.0% 

When a mixture of methyleneamino-acetonitrile (1.7 g.), 8-naphthol (3.6 g.) and 
KOH (1.4 g.) in alcoholic solution (20 ¢.c.) was refluxed on steam-bath for 2 hours 
and left overnight, a crystalline deposit (0.5g.), m.p. 192°, separated which was identified 
as the polymer of the aminonitrile. The alkaline solution on acidification with acetic 
acid gave a pale pink solid, m.p. 203° after crystallisation. It was identified as di- 
hydroxydiuaphthylmethane. (Found :C, 83.4 ; H, 5.6. C2:H,.0, requires C, 84.0 ; H, 
5.3 per cent). The diacetyl derivative had m.p. 215° (cf. Hosans, Ber., 1892, 25, 3214). 

In the above experiment the solution of the reactants was buffered to pu 9 and the 
mixture warmed to 80° for 6 hours and then the alcohol was removed in vacuo, On 
acidification with acetic acid a semi-solid) separated which was hydrolysed with 15% 
HCl on steam-bath. From the acidic solution the hydrochloride of p-2-hydroxy- 
homonaphthylaminoacetic acid was isolated, m.p. 223° (formula analogous to IV). 
(Found: N, 5.5. Cale. N, 5.2%). 

cheertnesieihenametuaindie 3 in a blank experiment did not decompose to formal- 
dehyde under the conditions of the above experiments and theréfore the foriation of 
diarylmethanes was not due to the direct reaction of liberated formaldehyde with the 
phenols. Moreover, the isolation of intermediate glycine derivatives isa proof of the 
correctness of the course of the reaction depicted. 
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SPECTROPHOTOMETRIC STUDY OF THE FERRIC THIOSULPHATE 
COMPLEX. PART II 


By J. Das, C. NANDA AND D.: PATNAIK 


Simple and direct experimental evidence has been described which establishes the formula FeS,O,+ 
for the labile coloured intermediate produced by the reaction of thiosulphate with ferric salts, 


In a previous communication (this Journal, 1956, 33, 243) the coloured complex, 
produced by the reaction of thiosulphates with ferric salts, was assignéd the formula 
FeS,0,* by the application of Job’s method to its absorption in mixtures of varying 
compositions of Fe** and S,0,°~* ions. This communication provides a direct and 
simple experimental] evidence to establish the above formula for the coloured complex. 
Schmid (Z. physikal. Chem., 1930, 148, 321) have shown that the equilibrium 


+S,0,7~ = FeS,0,;* oes (x) 


is instantaneously established. So the instability constant Kres.o,;* may be denoted by 
the expression 


= (2) 


K FeS203 


If the product of the concentrations of Fe** and S,0,*~ ions is kept constant while the 
conceutration of each one of them is changed, the concentration of FeS,O,* just at the 
time of mixing the two solutions (since the complex disappears with time) must be 
constant provided other factors, such asthe ionic strength, H* ion concentration and 
temperature, remain unaltered. According to Beer’s law 

log I,/I=e. c.d. 


where I, is the intensity of the incident light, J that of the light transmitted, c is the 
concentration of the absorbing species in moles per litre, dis the thickness of the 
cell and e, the extinction coefficient. ‘The value of log J at zero-time can be determined 
from the extrapolation of the curve obtained by plotting log I against time. Since all 
other terms involved in the above expression are constant, log I, /I is proportional to é. 
So, if the formula of the coloured complex is FeS,0;*, then 


log at zero-time 


must be constant. On the other hand, if the formula is Fe (S,05),~, then 


[Fe** ][S,0,°7]? 
log I./] at zero-time 


must be constant. 
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ExPERIMENTAL 


The details of the experimental procedure were reported in the previous part 
(loc. cit.). A solution of ferric perchlorate in perchloric acid was prepared by double 
decomposition of ferric sulphate in sulphuric acid with calculated quantity of barium 
perchlorate in perchloric acid. A solution of sodium perchlorate was used for 
maintaining constant ionic strength. Tos5c.c. of the solution of ferric perchlorate 
containing perchloric acid of a given strength, 5 c.c. of an aqueous solution of sodium 
thiosulphate containing the required quantity of sodium perchlorate was added to 
bring the ionic. strength of the resulting mixture to the desired value. The working 
temperature was 25° +0.1°. 


Calculation of the Concentrations of the Fe** and S,0,?~ ions 


It is necessary to take into account the following two side equilibria for evaluating 
the concentrations of the S,0;”~ ion. 


H*+ = HS,0,~ 
Na*+ $,0,*° NaS,0,~ (6) 


The values of the instability constants Ans,0;~ and Kyus,03;~ where 


_ _ 
Kus20s3 [HS,0,7] eee (7) 


[NaS.O,~ ] (8) 


depend on the ionic strength. These constants at any particular ionic strength can be 
calculated from the semi-empirical activity function (Davies, J. Chem. Soc., 1938, 2003) 


Log K = log K. + F (pn), 


where F = 0.505 {Za* + Zn® — Zan’) (; on 0.24) =function of ionic strength, 


on the participating ions. The values of Kus.o0;~ and Kyas,0;~ for zero ionic 
strength which have been used are respectively 0.019 and o.21 (Denney and Monk, 
Trans. Faraday Soc., 1951, 178, 4270). From the above relation the values 
of the constants Kus,0,;~ and Kyas,0;~ have been calculated to be 0.07 and 0.78 
respectively at the ionic strength 0.25; and 0.08 and 0.59 at the ionic strength 0.45. 
Using these values of the instability constants at the desired ionic strengths, the 
‘eoncentrations of free S,0,”~ ion have been evaluated after accounting for the formation 


of ion-pairs HS,O,~ and NaS,0,~, 


= value of the constant at zero ionic strength and Za, Zp, Zan are the charges 
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The method of approximation employed for the evaluation of free S,0,°~ concen- 
tration is best explained by referring to actual calculations carried out for the mixture 
A in Table IT for the case of ionic strength of 0.25. Equations (7) and (§) can, then be 
written as 

(H*][S,0,?~] 


= 0.07 (7) 
+ 


The actual concentrations of various ions in the mixture in g. mole per litre are as 
follows: H* = 0.05 ; S,0;7~ = 0.005 ; Na* = 0.14 (taking into consideration of NaClO, 
added to maintain the ionic strength along with the concentration of the reactant Na.S,0,). 

In the mixture the two ion pairs HS,0,~ and NaS,0,~ are instantaneously formed. 
The concentration of each can be calculated taking into consideration the formation of 
HS,0O;~ and then accounting for $,0,;’~ in combination as HS,0,~, to calculate that 
concentration of $,0,;7~ forming NaS,0;~ or vice versa. It is to be seen if working out 
of the concentration of free S,0,’~ provides the same value whether concentration of 
HS.O,° is taken up first and then NaS,O,~ and vice versa. 

Case I.—Let x g. moles per litre of HS,0,~ be formed, then equation (7) reduces to 


(0.05 —x) (0.005 — x) 
x 


= 0.07. 


Simplifying and neglecting x*, we get x = 0.002. So the concentration of freeS,O,?~ 
is equal to (0.005—0.002) or 0.003 g. moles per litre. If the formation of NaS,O,~ is to 
be neglected, the value for the concentration of the S,0,;*~ ion becomes 0.003 g. 
moles per litre and not 0.0025 as taken by the authors. With the increase of Na* 
ions (as NaClO, is used for increasing ionic strength) inspite of the instability constant 
Kyas203_ being iarge, the concentration of NaS,O,~ at high ionic strength would be 
comparable to that of HS,O,;~. 

Next the formation of NaS,O,~ is taken into account. Let yg. mole of NaS,O,~ 
be formed, and in this formation the free S,0;7~ has to be considered only. So 
equation (8) reduces to 

(0.14 y) (0.003 y) 

Thus, altogether the sum of the concentrations of HS,0,;~ and NaS,0,~ comes to 
0.0025 and that of free S,0,°~ is 0.0025. 

Case II.—Let the formation of NaS,O,~ be considered first, y denoting the concen- 
tration of NaS,O,~ and x that of HS,0,~ as before. Then equation (8) reduces to 


= 078 or y = 0.0005, 


(0.14—y) (0.005-¥) 
Now free $,0,*~ becomes (0.005— 0.0007) or 0.0043 g. moles per litre. So equa- 
tion (7) reduces to 


= 0.78 or y = 0.0007. 


(0.05—x) (0.0043 — x) = 0.07 OF X = 0.0017, 


x 
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Thus, the concentration of $,0,?~ in combination becomes (0.0007 + 0.0017) or 0.0024, 
and the concentration of free S,0,7~ becomes 0.0026. 

‘Working out in the similar manner, it has been seen that this method of approxi- 
mation affords concordant values, and sothe authors have used it. In the subsequent 


papers the same method of approximation has been used. 
In order to calculate the concentration of free Fe** ions, the equilibrium 


Fe** + H,O = FeOH’' + H* 
is to be considered. The value of the instability constant Kreon**, where 
[FeOH** ][H*] one (10) 


Kreou [Fe] 


varies with both the ionic strength and temperature. According to Bray and Hershey 
(J. Amer. Chem. Soc., 1934, 56, 1889) its values at the two ionic strengths 0.25 and 0.45 
and at 25° have been taken to be 19.9x107* and 18.610“ respectively. Thus, 
knowing the value of Kreon®* and the concentrations of H* and Fe** initially present, 
the concentration of FeOH** can be calculated. This value, when subtracted from 
the initial concentration of the Fe** ion, provides the concentration of the free Fe** ion. 
In the above calculation the equilibrium (Milburn and Vosburgh, ibid., 1955, 77, 1352), 
2FeOH** = Fe (OH).Fe** 

has not been taken into account since it would not affect substantially the concentration 
of the Fe** ion. 

In Tables I and II are recorded the values of the percentage of transmission ‘J) at 
ten second intervals for each mixture at two different wave-lengths (500 my and 6co mz) 
and for two ionic strengths (0.25 and 0.45). The logarithms of these values are also 
shown in the above tables. The composition of each mixture indicates the concen- 
trations (not their effective concentrations) of the various substances present in one litre 
of the mixture when the two solutions are mixed in equal volumes (5 c.c. each). The 
two mixtures are denoted by A and B as shown in the tables. 


Tasie I 
Ionic strength = 0.25. Temp. = 25°. 
Fe3+=0.01M. S,03;?-=0.005M. H*=0.05 N. Fe3*+=0.005 M. S,0;2-=0.01 M. H*=<.05 N. 
Mixture (A). Mixture (B). 
Time. % Transmission (/). Log (I). % Transmission (J). Log (I). 

500 mz. 600mpz. 500 mu. 600 mu. 500 mu. 600m. 500 mu. 600 mp. 

10 secs. 22.00 24.50 1.3424 1.3892 22.75 24.50 1.3570 1.3892 
20 28.00 30.00 1.4472 1.4771 29.25 31.00 1.4661 I 4914 
30 38.75 40 75 1.5883 1.6101 39-75 41.00 1.5993 1.6128 
49 53-50 55-50 1.7284 1.7443 51.00 51 75 1.7076 1.7139 
50 68.50 69-75 1.8357 1.8435 61.00 61.50 1.7853 1.7889 
60 80.50 81.50 1.9058 1.9112 69.00 69.00 1.8388 7.8388 
70 88.75 89.50 1.9481 1.9518 75.00 75-25 1.8751 1.8765 
80 93-00 93-75 1.9685 1.9719 80.00 79.50 1.9031 1.9004 
go 95-25 96.00 1.9788 17,9823 83.00 83.00 1.9191 I 
100 96.25 97-00 1.9834 1.9868 85.50 85.00 1.5320 1.9294 


: 

‘ 
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Tare II 


Ionic strength = 0.45. Temp. = 25°. 


Mixture (A). Mixture (B). 
Time. % Transmission (J), Log (/). % Transmission (I). Log (I). 
500mz. 500 mz. 600 mu 500 ms. 600 mz, 
10 SECS. 33.00 3475 1.5185 1.5409 33-00 35.00 1.5185 I 5441 
20 36.75 39.00 1.5653 1 5911 38.50 40.75 1 5855 1.6101 
30 43-25" 46.50 1.6360 1.667: 45-50 48.00 1.6580 1.6812 
4° 52.25 56.75 1-7181 1.7540 53-00 55-50 1.7243 71-7443 
50 62.25 67.50 1.7941 1.8293 60.50 63.00 1.7818 1.7993 
60 71-75 77-75 1.8558 1.8907 67.25 69.00 1.8277 1-8388 
70 80.90 85.50 1.9031 1.9320 72-25 74-75 1.8588 1.8736 
80 86.00 90.50 1.9345 1.9566 76.75 78.75 1.8851 1.8963 
go 90.00 93-50 1.9542 1.9708 80.00 82.00 I 9031 1.9138 
100 92-75 95-59 1 9673 1.9800 82.50 84.25 1.9165 1.9256 


The plot of log I against time furnishes a S-shaped curve. By extrapolating these 
curves to zero-time, the values of log I at zero time have been obtained. These values 
as well as those of log I,/I at zero-time have been shown in Table III, along with the 
calculated values of the concentrations of the $,0,?~ and Fe** ions. 


III 
Log / at Log I,/I at Calc. values 5 2- 3 2-2 
per litre). log log I,/I 
g at zero-time. at zero-time. 
500 690 mz. 500 mu. 6oomu. $,03;2- 6oo mp. 500 mp, 600 mp. 
x103, 
Ionic strength = 0.25. 
(A) 1.30 1.36 0.70 0.64 9.60 250 34-28 37-19 85.71 93-72 
(B) 1.30 1.35 0.70 0.65 4.80 5-10 34.97 37.66 178.36 192.07 
Ionic strength = 0.45. 
(A) 1.50 1.52 0.50 0.48 9-60 2.20 42.24 44.00 90.95 94-70 
(B) 1.49 1.50 0.51 0.50 4.80 4.50 42.35 43.50 190.59 194.40 


From Table III it is clearly evident that the value of the expression 


[Fe**] [S.0,77] 
log (I./1) at zero-time 
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for a particular wave-length and ionic strength is constant, while it is not so for the 
expression 
[Fe**] {s,0,**} 
(log I. /I) at zero-time 


This conclusively establtshes that the formula of the labile coloured ‘complex is 
FeS,0;*. 
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“STUDIES IN THE PASSIVITY OF CHROMIUM. PARTI, THE 
ELECTRODIC BEHAVIOUR OF CHROMIUM AND ITS 
BEARING ON THE PASSIVITY OF THE METAL 


By I. M. IssA AND H. KHALIFA 


Chromium electrodes of different types show different behaviour in buffer solutions originally free 
from the metal ions. Massive and powdered electrodes set potentials which are more positive than 
those prepared by electrodeposition. The potentials set after heating the electrodes in hydrogen and 
subsequently in high vacuum are less positive than those set in aerated solutions. 


The Eo’ values obtained in air by extrapolating the linear portions of the pa—potential plots amount 
to— 4oo mv as compared with —30 to — roo mv out of contact with air, corresponding thus toa 
difference of one volt and 400 mv respectively from the thermodynamic E,* value of the Cr/Cr,O; system 
which amounts to -570 mv. This positive shift is attributed to an oxygen overvoltage effect contributing 


miuch to the passivity of the metal. 


The passivity of chromium and other similar metals have long been the point of 
several discussions. Numerous theories have been advanced to explain the cause of 
passivation and the nature of the passive state. One theory assumes the formation of a 
thin protective film of oxide which needs only to bea single molecule thick (Evans, 
J. Chem, Soc., 1927, 1020). The difficulty that known ‘oxides do not usually have 
the necessary resistance to acids is overcome by assuming that oxygen is adsorbed in a 
kind of Langmiur film or as oxygen doublets (Meunier, Bull. soc. chim. Belg., 1927, 
86, 435 ; Tourky et al., J. Chem. Soc., 1948, 750 ; 1949, 1297) ; or that it formsa kind 
of alloy with the metal which occupies definite positions in the space lattice (Z. anorg. 
Chem., 1919, 108, 107). Others consider the oxide to be unstable but becomes stabilised 
on the metal (Bennet and Burnham, Trans. Amer. Electrochem. Soc, 1916, 29, 217). 
Evidence as to- the cause of passivity may be gained from a study of the electrode beha- 
viour of chromium metal under a variety of conditions in solutions initially free from the 


metal ions, 
EXPERIMENTAL 


Electrodes. —The chromium electrodes used in this investig ition are of the following 

types: 
A: Stick electrodes 13 cm, in length and 7 mm. in diameter, prepared by the mecha- 
nical shaping of Kahlbaum metal lumps. Electrical contact was maintained by a copper 
wire soldered to one end of the electrode. The latter was fixed to a glass tubing with a 
rubber tubing, previously treated with boiling dilute HCl. 

B: Powdered electrodes obtained by grinding the metal lumps. The sample that 
passed through a'sieve of 1600 mesh/cm?. was treated with a solution-of KOH, followed 
by HCI, then boiling redistilled water and finally with alcohol and ether before drying in 
a desiccator. ‘The powder was placed in small glass cups surrounding short tipped plati- 


num wires sealed into glass tubings. 
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C: Electrodeposited electrodes, prepared by deposition froma chromic acid bath 
ona copper substrate, following the procedure recommended by Field and Duddly (“‘Elec- 
troplating : A Survey of Modern Practice’’, 6th. Ed., p. 379, 1951). ‘The copper base was 
obtained by electrodeposition on platinum sheets(1 x1 cm.) sealed to glass tubings 
through a platinum wire. Electrical contact in case of the powdered and electrode- 
posited electrodes was maintained through mercury and copper wires introduced into the 
glass tubings. 

Solutions.—The buffer solutions used for the electrode potential measurements were 
the Clark-Lubs and Ringer buffers of the px values 1 to 10, 11 and 12 (cf, Britton, 
“‘Hydrogen Ions’’, Vol I, Chapman and Hall, London, 1942, pp. 301-311). Potassium 
chloride solution was prepared by dissolving the Analar product in twice distilled water. 
Cells and apparatus were essentially the same as used by Tourky et al. (loc. cit.). 


The measurements were carried out both in air and after the electrodes had been 
subjected alternately to the action of hydrogen and to h:gh vacuum at 400° (type C) 
or 1000° (types A and B) using the electrode jackets shown in Fig 1. Jacket 1 A is made 
of soda glass and is adapted for use with the electrodeposited electrodes. The jackets 
b and c are made of silica glass and are suited for use with the two other types. 


Fic. 1 
To high vacuum 
To high 
vacuum 
4 Deposited C1 
Powder 


Stick 


Cr. 
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DIscUSSION 
Behaviour of Chromium Electrodes in Air 


Electrodes of type A set up potentials which tend in general to assume more positive 
values with time (curves a, b and c, Fig. 2). In solutions of pu values 1 to 6 the poten- 
tials tend after prolonged immersion to assume less positive values and are found to vary 


Fic. 2 


c’ .o1E 


d’ -O3E 


- O+ 
Log time in hrs 
S, P and E denote respectively stick, powder and electrodeposited Cr. 


to a certain extent with pu, which is not the case in the alkaline buffers (curves c and c’, 
Fig. 3). The potentials set at px 1 lie in the vicinity of the hydrogen electrode potential, 
whereas those set at px 2 to 12 lie on the positive side of the hydrogen electrode slope. 
This behaviour is possibly due to the disturbing effect of the chloride ions on the oxide 
film responsible for the passivity of the metal, rendering it permeable to most reagents 
(Isgarischeff and Obrutcheva, Z. Elektrohem., 1923, 29, 428). , : 

Contrary to these observations, the potentials sect by the same type of electrodes 
during the neutralisation of the universal buffer mixture of Britton and Robinson 
(J. Chem. Soc., 1931, 1456) vary in an excellent manner with px from 4 toro. This 
suggested the possibility of applying massive chromium as an indicator electrode in _acid- 
base titrations (Tourky, Issa and Khalifa, Anal. Chim. Acta, 1954, 11, 563). 

Electrodes of type B set potentials which within the px range 3-8 exhibit considerable 
drifts to less positive values (curves d, e and f, Fig. 2) amounting to 200-300 mv. At 
pu 9 to 12 the potentials tend slightly to more positive values. The px -potential plot 


b 
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d 7-045 
/ “97S 


468 M. 188A AND H. KHALIFA 


for the potentials set three hours after immersion (curve d, Fig. 3) manifests more regular 
variation throughout the whole ps range. In presence of chloride ions the potentials set 
are also less positive as in case of electrodes of type A. 


FIG. 3 
sited cr 
hoe Slope. 
CY on immersion 
Stick cr 
d) powder cr 
100 
> _|/ 
= 6 
eo} 
300} 


bu 


Electrodes of type C set up potentials which on immersion lie oy the negative side of 
the hydrogen electrode slope (curve a, Fig. 3) but tend in general to assume less negative 
values with time (curve a’-f’, Fig. 2). However, at px 8-12 an initial decrease in poten- 
tial is observed which becomes more pronounced at higher psa values before the subse- 
quent drifts to less negative potentials. Such electrodes after being anodically polarised 
exhibit initial drifts in potential to less positive values at fa 3 to 10 which become also 
more pronowncec with rise of px. 

This behaviour is apparently due to the presence, within the electrodeposited chro- 
mium of occluded hydrogen, which on diffusing away reduces portions of the passivating 
film and leads to less negative potentials. On anodic polarisation the surface is oxidised, 
but the potential tends at first to assume less positive values when the oxidation product 
is removed through hydrogen diffusing towards the electrode surface, before tending 


again to become less negative. 


Behaviour of Chromium Electrodes out of contact with Air 


-. . “fhe potentials set by electrodes of type A in oxygen-free buffers after heating in 
hydrogen at. 1000° and subjecting them to high vacuum at this temperature, manifest 
slight variation with time to more positive values during three hours after immersion 
(curves $1, Sa. Ss» Fig. 4). The potentials lie always on the negative side of the hydrogen 
electrode slope (curve III, Fig. 5). After prolonged immersion considerable drifts to 
less negative values are observed (Fig. 4). ; 


E, Mv. 
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Electrodes of type B, subjected only to high vacuum at 1000°, set potentials which 
remain practically constant (curves P,, P., Ps, Fig. 4) throughout a period of 24 hours 
and which lie again on the negative side of the hydrogen electrode slope (curve III, 
Fig. 5). The same behaviour manifests itself when the electrodes are subjected to the 
alternate action of hydrogen and high vacuum at the same temperature, except for the 
fact that the potentials are somewhat more negative {curve IV, Fig. 5). 

Electrodes of type C subjected only to high vacuum at 400° set potentials which show 
continuous drifts to less negative values (curves E,, E,, Es, Fig. 4) and lie very close to 
the hydrogen electrode slope (curve II, Fig. 5). 


Fic. 4 Fic.5 


4 Z Hz elect slope 
deposited cr 

I stick Reowdercr 
Jr teduced powder cr 


Log time in hrs. p> 
(S, P and E same as in Fig. 2). 


With all types of electrodes the potentials show more linearity with px than in aera-. 
ted solutions. (aire 
For the sake of comparison, the E,’ values obtained by extrapolating the linear - por-. 
tions of the Ex—>px plots, obtained both in air (Fig. 3) and out of its contact (Fig.s), by. 


plotting the potentials set 3 hours after immersion against px to pa =o together with. 
the thermodynamic E,’ value of the Cr/Cr,O, system are shown iu Table I. 


TaBLe I 
[E,’ in millivolts]. 
Electrodes. In aerated Ont of contact- - Thermodynamic, 
solution. _ with air. 
Typ) A. a + 450 - 70 — 570 
Type B. + 480 — 70 or—rz00 _ $70. 
Type C 30 — 30 570 


However, it is noteworthy to remark that on exposing the treated electrodes to air 
considerable. shifts to more positive values are observed due to the redevelopment of the, 
passivating films on chromium: 


a. 

4 
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It is prcbable that the oxide, which forms on chromium and to which is attributed 
the passivity of the metal, is the trioxide. If the formation of the oxide takes place 


according to the reaction : 
2 Cr + 6 OH™ = Cr,0, + 3 H,O + 6¢, 


hence, from a knowledge of the free energy of formation of each of the reactants 
and resultants, the met free energy change of the reaction and accordingly 
the reversible potential of the Cr/Cr,O, system can be computed. ‘The free 
energy of formation of Cr,O, at 25°, as calculated from the relation A F = AH — T AS, 
is — 24680 cals. For calculating the latter value, AS values at 208.1 for O., Cr,O; 
and elementary Cr of 49.003, 19.4 and 5.68 cals., and a A H value for Cr,0, of — 269700 
cals. are used. Taking the free energy of water and OH™ ion at 25° equal to — 56690 and 
— 37595 cals. respectively, AF of the above reaction amounts to — 186380 cals. from 
which the E,’ value of the Cr/Cr,0, system is — 0.57 v {E.{OH~—H,) = — 0.828 V.] 
(Latimer ‘‘Oxidation Potentials’, Frintice-Hall, N.Y., 1953, pp. 39, 246). 

Comparison of the E,’ value of —0.57 v with the experimental ones obtained both 
in air and out of contact with atmospheric oxygen indicates that in no case we are able 
to approach the reversible potential of the Cr/Cr,0, system. The values obtained in air 


are considerably more positive than those obtained after subjecting the electrodes to the 


alternate action of hydrogen and high vacuum at high temperatures, which in turn are 
less negative than the thermodynamic E,’ values. 

The behaviour of the electrodes in aerated solutions can be explained by considering 
the metal to be covered by a pre-immersion oxide film which after immersion tends to 
become complete by precipitation inside its pores of corrosion products. Since chromic 
oxide is a higher-valent metal oxide, the lattice defects are most probably restricted to 
oxygen ions (Wagner, Z. physikal. Chem., 1933, B 21, 25 ; 1936, 82, 447; Wagner and 
Hammen, ibid., 1938, 40, 197). Diffusion of Cr** ions towards the oxide-solution 
interface is- not liable to take place and the oxygen deposited on the electrode surface 
may persist as oxygen doublets, subjecting the electrodes to an oxygen overvoltage 
effect. Such electrodes behave as metal-metal oxide-oxygen rather than metal-metal 
oxide electrodes (Tourky and Mousa, loc. cit.). When the metal is subjected to the 
action of hydrogen, a large portion of this oxygen is removed and the electrode assumes 
less positive values, Based on the findings of Bowden (Proc. Roy. Soc., 1929, A 125, 
440) the oxygen overvoltage effect, superimposing the reversible potential and amounting 
to one volt (in case of massive chromium), is sufficient to cover 2/3 of the electrode sur- 
face with oxygen doublets. Bowden (loc. cit.) found that the quantity of electricity 
necessary to establish oxygen overvoltage per 100 mv was 11 10~* coulombs. As the 
real area in case of highly polished metal is 2-3 times the apparent one (Hickling, Trans. 
Faraday Soc., 1945, 44, 333; Butler, ‘‘Electrical Phenomena at Interfaces’’, Methuen, 
London, p. 205, 1951), this latter quantity is sufficient to cover 1/15 of the surface with 


oxygen doublets. 
- In vase of other metals, previously studied by Tourky et al. (loc.cit ), similar results 


were obtained and the higher potentials than the reversible ones were attributed to an 
oxygen overvoltage effect amounting to ~ 400, 200, 100 and 100 mv in case of molyb- 
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denum, tellurium, antimony and arsenic electrodes respectively. ‘These potential incre- 
ments correspond to 1/4, 2/15, 1/15 and 1/15 of the electrode surface being covered 
with oxygen doublets as compared with 2/3 in tie case of chromium. If the surface area 
of the electrode covered with oxygen doublets is taken asa measure of passivity, then 
those metals should be placed with respect to their passivity in the following order : 
Cr, Mo, Sb, As (Tourky, Issa and Khalifa, unpublished). 

Further, when the electrodes are subjected to the action of hydrogen and to high 
vacuum, a good portion of the passivating film including metal oxide and oxygen doub- 
lets is removed whereby the potentials become more negative than those observed in 


aerated solutions, 
The authors wish to express their thanks to Professor A. Riad Tourky for his valu- 


able advice and criticism. 
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STUDIES IN THE PASSIVITY OF CHROMIUM. PART II. THE EFFECT 
OF ANIONS ON THE PASSIVATING FILM ON CHROMIUM 


By I. M. Issa AND H. KHALIFA 


From the study of the effect of unions on the passivity of chromium it is shown that the passivating 
action gozs in the order: Cl, SO,2-, NO;. It is also shown that the potentia's set in presence of 
oxygen ‘are more positive than those set in presence of nitrogen. Similarly the potentlals obtained in 


absence of chloride ions are more positive than in their presence. 


In the previous investigation (this issue, p. 465) it has been shown that the passivity 
ef chromium is due to the presence on the metal surface of an oxide film overlayered by 
an oxygen film which covers only 2/3 of the area of the oxide surface. Miiller (Z. Elek- 
trochem., 1931, 87, 328; Z. physikal. Chem., 1932, A68, 159) studied the effect of 
different acids on the activation of passive chromium and found it to depend upon the 
permeabilities of the different anions through the pores of the passivating film. The 
acid anions offered a frictional resistance both to the emergence of the metal ions 
from the lattice and to the entrance of hydrogen ions into the double layer. This was 
concluded from the fact that the liberation of hydrogen from acids by active chromium 
was greater, the smaller the radius of the acid anion. Further evidence as to the effect 
of anions can be gained from a study of the electrodic behaviour of massive chromium 
(which is easily passivated) during the initial build up of the electrode potential when 
present in solution; containing them, under a variety of conditions. 
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The electrede used in this investigation is shown in Fig. 1. 


Fic. 1 


= 
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AND H. KHALIFA . 


ExPERIMENTAL 


It consists of a cylinder 


fitted by a rubber tubing to the shorter limb of a U-shaped glass tubing so 


that only the upper surface 


is exposed tothe solution. Electrical contazt 


here was also made (as in Part I) through a copper wire, soldered to the inner 


side of the electrode. 


The anions studied were the chloride, the phthalate, the sulphate, 


the nitrate and the borate. 
products by dissolving them 


The solutions were prepared from the Analar 
in twice distilled water. ‘The concentrations 


used varied between 0.01 M and o.1 M. 


The electrode potential 


measurements were made in (a) unstirred 


aerated solutions, (b) unstirred solutions freed from oxygen by bubbling 


nitrogen through, (c) stirred 


solutions by bubbling nitrogen and (d) stirred 


Stick Cr. solutions by bubbling oxygen. 
FIG. 2 Fic. 3 
No bubbling 
aerated solutions 
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The curves shown in Fig. 2 represent the variation of potential with time in the 
solutions mentioned during 30 minutes following immersion in presence of air. 
curves shown in Fig. 3 represent the same behaviour while bubbling nitrogen. 
represents the effect of the prevailing atmosphere on the electrode behaviour: 


The 
Fig. 4 


DISCUSSION 


With massive chromium the time-potential curves obtained in all solutions of the 
aforementioned anions, possess the same shape and are characterised by an initial 
rapid change to more positive potentials, followed by a less steeper one. ‘This behaviour 
is attributed to the tendency of the electrode to become more passive. 


The passivating 


my. 


° 20 30 ° 
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action of the anions goes in the following order : Cl~, SO,*~, and NO,~. In this arrange- 
ment we restricted ourselves to the neutral solutions applied in order to exclude as far 
as possible the effect of px on the electrode potential. The phthalate solution being 
acidic in character leads to a more positive potential, whereas the borate solution being 
alkaline sets up a more negative one. This order repeats itself under all conditions 
studied, indicating that the variation in the magnitude of potential set in all cases is to 
a great extent affected by the anions present in the so?ution. 


The somewhat active potential observed in chloride solutions is due to the high 
penetrating power of the chloride ions whicn lowers the electrical resistance of the 
corrosion product, assisting thus in the depolarisation of oxygen deposited on the 
electrode surface. ‘The sulphate ions are more voluminous and less penetrating and 
thus less activating. Another factor is the coagulating effect of the anions on the 
precipitated oxide. Owing to the weaker coagulating power of the chloride, a longer 
time is required for the accumulation of the corrosion products. With the polyvalent 
ions the corrosion product is precipitated more rapidly. Although the nitrate ion is 
univalent and possesses thus a weaker coagulating effect, yet by virtue of its oxidising 
power, the metal surface is probably more readily covered with the passivating film. 


The effects of anions manifest themselves clearly on varying their concentrations 
“between 0.01 M and o.1 M. Experiments have shown that while increase of the concen- 
tration of the nitrate has no effect on the potential, that of the sulphate leads to more 


© positive values in contradistinction from the chloride ions which produce an opposite 
effect. 
Fic. 4 Fic. 5 
@IN Kel 
T oxygen bubbling 
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Carve a refers to initial potentials set bv stick Cr 
Curve b refers to potentials 3 hrs. after im mersion. 
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The effect of chloride ions was further confirmed by measuring the potentials set 
by the massive chromium electrodes in buffer solutions made o.1 M with respect to 
chloride ions. As is apparent from the curves shown in Fig. 5, it is apparent that in 
such solutions the potentials are less positive than those set in chloride-free buffers 
(Fig. 3, Part I, loc. cit.) although they tend always to become more positive with time. 

Fig. 4 indicates the effect of the prevailing atmosphere on the potentials set. It 
is apparent that in presence of oxygen the potentials are more positive than in presence 
of air and these in turn are more positive than in nitrogen atmosphere, The effect of 
the prevailing atmosphere suggests the possibility that the electrode behaves as metal- 
metal oxide-oxygen electrode, the potential of which is dependent upon the prevailing 
gaseous atmosphere (Tourky and Moussa, J. Chem. Soc., 1948, 7 503 1949, 1297). 


The facts obtained in this investigation, viz., (a) the depolarising action of chloride 
ions, (b) the effect of the prevailing nitrogen atmosphere, and those obtained in the 
previous investigation, (i) the effect of heating in vacuum of hydrogen on the passivating 
film, (ii) the more positive potentials obtained by the different electrodes than the 
thermodynamic value, together with the fact that (c) the temperature coefficient of 
chromium and similar electrodes are large and variable (Tourky and Khairy, ibid., 


1952, 2626) suggests that the passivating film involves an oxide overlayered with 


an oxygen film. 
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THE PHOSPHOMOLYBDIC ACID-TOCOPHEROL COLOUR COMPLEX 
By P. P. Narr AND N. G. MAGAR 


The reaction of phosphomolybdic aicd with tocopherol (vitamin-E) has been investigated and the 
resultant complex studied. The blue complex was isolated in solid form and a preliminary study 
conducted on the nature of the complex formation. Based on experimental evidence, a tentative mode 
of formation has been proposed, suggesting the condensation of phosphomolybdic acid with tocopherol 
in the molecular ratio of 1:2. 


Most of the colour reactions of the tocopherols, described by previous workers 
(Emmerie and Engel, Rec. trav. chim., 1938, 87; 351; Furter and Meyer, Helv. Chim. 
Acta, 1939, 22, 240; Schulek and Roxsa, Z. anal. Chem., 1943, 126, 253; Kofler, 
Helv. Chim. Acta, 1945, 28, 702), have utilised oxidation-reduction systems. Weisler 
et al. (Anal. Chem., 1947, 19, 906) coupled the individual tocopherols with o-dianisidine 
dihydrochloride, and Quaife (J. Biol. Chem., 1948, 175, 605) chromatographed the 
nitroso derivatives through zinc carbonate-celite column. We studied the development of 
the P.M.A. (phosphomolybdic acid)-tocopherol colour reaction which was utilised for the 
estimation of vitamin-E (Nair and Magar, Indian J. Med. Res., 1954,.42, 577). In the 
present work, the P.M.A.-tocopherol™complex has been isolated in the solid form and 
its chemical nature studied. ‘The characteristics of the complex have been investigated 
and its chemical constitution tentatively arrived at. 


ExPERIMENTAL 


The phosphomolybdic acid-tocopherol complex was prepared as follows :’To phos- 
phomolybdic acid (B.D.H.-Analar, 3.94 g.), dissolved in 20 c.c. of pure glacial acetic 
acid (Mercks. G.R.) and pure dl-2z-tocopherol (Roche’, 0.86 g.), dissolved in 20 c.c. 
of glacial acetic acid, was gradually added with constant stirring. The whole solution 
was kept at 0° overnight and then distilled at about 39°/1 mm. ‘The dark compound left 
in the distillation flask was dissolved in a small quantity of alcohol and filtered through 
glass-wool. The thick viscous liquid was concentrated in vacuum (over conc. H,SO, 
and P,O,) toa dry solid. Complex formation did not take place when dl-«-tocopherol 
was substituted by its esters. 

Characteristics of the Complex.—The compound is a dark blue solid, possessing a 
peculiar aroma, characteristic of esters. It decomposed at 240° during melting in the 
capillary tube. 

The solid complex was found to decompose slightly on keeping exposed to air, 
yellow crusts of phcsphomolybdic acid being formed on the surface. A dehydrating 
atmosphere such as that in a vacuum desiccator containing H,SO, and P,O; was found 
to aid in the preservation of the complex. 

It is highly soluble in ethyl alcohol, acetonitrile, iosptopyl alcohol, ethyl acetate, 
methyl formate, and fairly soluble in other fat solvents like ether and benzene. The 
solubility in water is fairly good, but on keeping the complex decomposes, releasing 
phosphomolybdic acid. 
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Effect of pu on the Formation of the Complex.—Experiments were conducted 
with phosphomolybdic acid solution in acetic acid-alcohol in different proportions at 
various px values, using different concentrations of acetic acid, keeping, however, the 
concentration of P.M.A. the same. +%-Tocopherol (Roche’) was taken in 1 c.c. aliquots 
of ethyl alcohol and to it 2c.c. of P.M.A. solution was added, and the amount of 
complex formed noted by measurement of the colour intensity in a Klett-Summerson 
photoelectric colorimeter, after 5 minutes. Measurements of pa were made with a 
Beckman Model G pua-meter at 28°. It is evident from the results (cf. Fig. 1) that the 
formation of the complex is possible only in highly acid medium, best being glacial acetic 
acid itself. 

Spectrophotometric Studies.—Spectrophotometric measurements and determination 
of molar ratio of the phosphomolybdic-tocopherol complex were carried out. All 
measurements were made with a Beckman Model DU quartz spectrophotometer, with 
corex absorption cells of cm. width. The visible absorption spectra gave maxima at 
490 my and 725 mp ‘Nair and Magar, loc. cit.) The Els at 725 main ethyl alcohol 
was 23.3, whereas for pure phosphomolybdic acid it was 0.038. As the complex showed 
a high Exe, at 725 mu, optical density measurements were made at 725 mp on the 
P.M.A.-tocopherol reaction. In each set of reaction, the P.M.A. concentration was 
gradually increased (0.0002 to 0.004 M), keeping the concentration of tocopherol constant 
{o.002M). ‘The molar equivalents in the” reaction are shown in Fig. 2 for a fixed con- 
centration of tocopherol (0.002M). This provides data suggesting the presence of two 
molecular complexes, the first in the ratio 1:1 and the second, 1:2. The curve shows 
‘plateaux formation’ corresponding to 0.001M and 0.002M of P.M.A., indicating 
complex formation in 1:2 and 1:1 molar proportions. 


Fic. 1 Fic. 2 
Effect of bu on complex formation. Influence of pa and conc. on 
absorbance at 725 mp. 


Photometric density 


Optical density. 


aw on 


pn P.M-A. cone. (M) 


"The nature of the tocopherol moiety in the complex not being known, a study cf 
the infra-red spectrum was resorted to. Because of the possibility of a change in 
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constitution, involving the rupture of the heterocyciic chroman ring, and the resultant 
formation of a p-quinone, our study of the infra-red region was limited to around 16508. 
Also, a complete examination of the absorption spectra in the iufra-red region was 
extremely difficult since no single suitable solvent open for investigation in the entire 
range of the infra-red spectrum was available. 


The infra-red spectra were taken on a Leitz infra-red spectrophotometer using 
acetonitrile as a solvent. Though the infra-red spectral study of quinones is relatively 
unexplored, available data lead us to expect a strong C=O stretching vibration band 
in the region near about 1650-1690 cm.~' which is not indicated in the present substance. 
Thus, ia all probability, the tocopherol moiety remains intact during complex formation, 


DISCUSSION 


The present reaction from the experimental evidence indicates a direct complex 
formation, hitherto unknown. ‘The P.M.A.-tocopherol reaction proceeds in the forward 
direction only in a purely glacial acetic acid medium. The presence of water or alcohol 
or any solvent containing moisture has been found to suppress the reaction, and this is 
primarily in favour of suggesting the formation of a complex by the elimination of 
water, Previous literature {Karrer, Helv. Chim. Acta, 1939, 22, 334) shows that 
oxidimetric reactions are capable of taking place in any solvent. 


It is well known that molybdenum affords a group of blue compounds, apparently 
resembling our present substance, and loosely called as ‘Molybdenum blue’. The 
phosphomolybdic acid-tocopherol colour complex, isolated by us, possesses characteristics 
which are markedly different from the substances designated as ‘Molybdenuin blue’, 


Moreover, the existence of a Werner type complex of molybdic acid with oxalates 
and resembling ‘Molydenum blue’ has been already established (Barbieri and Malaguti, 
Mem. Accad. Sci. ist. Bologna, 1951-52, 9, 3). Here the formation of a blue Werner 
complex with oxalates could have been casily mistaken for the ‘Molybdenum blue’ obtained 
by previous workers wherein only Mo, oxygen and H,O form the constituents of the 
molecule. Although oxalic acid is a well-known reducing agent, we have, in course of 
the work, evidence to show that molybdic acids do form complex molecules in associa- 
tion with organic compounds. 

The mechanism of the P.M.A.-tocopherol colour reaction has to be explained as an 
elimination of H,O molecules between the polarised :C(OH) groups of the tocopherol 
molecule and the -H,;PO, part of P.M.A. This is conside.ed to be so because highly 
dehydrating conditions aid in the formation of the complex, and presence of moisture 
leads to its slow decomposition. The fact that esters of %-tocopherol do not react 
with P.M.A. to provide the complex is in further support of this interpretation. The 
spectrophotometric observations indicate the presence of two complexes in the molar- 
ratios 1:1 and 1:2. The complex formation may take place by two molecules of 
tocopherol condensing with the 2H;PO, part of one molecule of P.M.A., the condensation 
being complete in two successive stages. Furthermore, in marking this observation it 
was found that the complex obtained showed stability only at very low px values, 
a fact not met with in the inorganic salt of P.M.A. 
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INTERFACIAL TENSION AND COMPLEX FORMATION. PART II 
By C. M. Degsar 


The complexing tendency of various anions, e.g., halides, thiosulphate, nitrate, nitrite, acetate, 
sulphate, chlorate and perchlorate, when added to zinc chloride, nitrate and sulphate, has been examined. 
Also, such a tendency of magnesium, lead and zinc chlorides with different bivalent ch'orides and lead, 
zine and beryllium nitrate with different nitrates is reported. 


Electrostatic attractions, such as ion dipole ones, are responsible for the existence of 
complexes formed between different metal salts in aqueous solution. The energy 
changes involved in such complex formation must correspond to the order of the strength 
of the unstable hydrogen bond of liquids like n-butyl or isoamyl acetate. This hydrogen 
bond is primarily electrostatic in character, and hence, must be susceptible to such 
energy changes. As a consequence, complexing between different ionic species or 
dipoles in aqueous solution should be also amenable to the study of interfacial tension 
measurements of such solutions against such H-bonded liquids. With this view, the 
complex formation between aqueous zinc chloride, nitrate, sulphate, on one hand and 
other electrolytes. viz., potassium bromide, iodide, sulphate, nitrate, nitrite, chlorate, 
perchlorate, sodium acetate and thiosulphate on the other hand, has now been 
investigated. 

In the previous work (this Journal, 1954, 31, 957), the tendency among various 
bivalent metal chlorides and nitrates for complex formation has already been reported. 
This work includes chlorides of magnesium, zinc and lead and nitrates of lead, zinc and 


beryllium for such purpose. 
EXPERIMENTAL 


The salts used were of standard quality. The interfacial tension values of a series 
of mixed aqueous salt solutions (prepared from each stock solution) against iseamyl or 
n-butyl acetate, measured by the method previousiy described (loc. cit.), when plotted 
against the volume of the variant A, indicate peaks corresponding to complex formation. 
The compositions of these complexes are Shown in Tables I and II. 


TABLE I 
[Cone. M/100, each] 
[a= A.4B, b= A.3B, C =A.2B, d= 2A.3B, e= A.B, f= 3A.2B, g= 2A.B] 


Salt B. Peaks corresp. to Salt B Peaks. Salt B Peaks. Salt A. Salt B Peaks. 
Salt A :ZnCl,. Salt A :Zn (NOs). Sait A :ZnSO,. 

KBr a,b,e,d,e,f,g CH;COONa  c,e,g KNO,; ce,g ZnCl, Zn (NO 
KI a,b,c,de,f,g KBr ¢,e,- CH,COONa c,e,g ZnCle ZnSO, 
Na,S,0, a,b,c,d,e,f,g NayS,O. KBr Zu(NOs), ZnSO, 
KNO; KySO, c,e,- c,e,- 
KNO, KCIO; -e,- KCIO, 
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Tas.e II 


[a= A.4B, b= A.3B, c= A.2B, d= A.B, e= 2A.B, f= 3A.B, g= 4A.B] 


Conc. (M/) 


100 
100 


Salt A. 


CuClo 
NiCh 
PbCl, 
PbCl, 
PbCly 
PbCI, 
MgCl, 
MgCl, 
MgCl, 
PbCly 
PbC!, 
PbCI, 
ZnCl, 
ZnCl, 
SrCly 
BaCl, 
ZnCl, 
CaCl, 
RaCl, 
BaCl, 
Pb(NOs)2 
Pb(NOs)g 
Pb(NO»). 
Pb(NO})s 
Cd(NOs)9 
Co(NO,)s 
Zn (NO) 2 
Zn (NO3) 2 
Ca(NOs3)» 
Sr (NO;) 
Pb(NO3)2 
Co (NO;) 2 
Cu(NO3'2 
Ni(NOs) 
Ca(NO)o 
Sr(NOs)2 


Salt B. 


MgCl, 
MgCl, 
MgCl, 
MgCl, 
CuCl 
CoCl, 
NiCl, 
ZnCly 
BaCl, 
CaCl, 
CdCl, 
ZnCl, 
CaCl, 
CdCl. 
CoCls 
CdCl, 
CaCl, 
SrCly 
SrCl, 
ZnCly 
CaCl, 
Co(NOs3)¢ 
Cu (NO), 
Ni(NO3)9 
Mgt(NOa)g 
Ca(NO5)¢ 
Ba(NO3)2 
Sr(NO3)2 
Zn(NO3)3 
Cu(NO3)¢ 
Ni(NO,)¢ 
Zn(NO 
Zn(NO3)¢ 
Zn (NO3)¢ 
Be(NO))¢ 
Be(NO3)2 
Pe (N 2 
Be(NOs)2 
Be(NO3)2 
Be(NOs3)2 
Be(NO3)¢ 
Be(NOs)2 
Re(NOs3)9 
Be(NOs3)2 


Peaks correspond to 


d, e 
c,d,e 


9 2 2 2 
De 


am 


& 


o 


Be S Be 


a,-,c, 
a,-,C, 
a, =, ©, d+, 
a, -, ¢, d, @, - 
a,-,c, d, 
a, -, e, +, g 
a,-,¢, d,e,-,g 
a, -, ¢, d, e, +, g 
a, -, c, d, -, 
g° 
d, 
a,-,c, d,e,-+,2 
Cy d, 
+40, 4,¢,+ 8 
Cy d, -; g 
a, b, d, -, +, - 
a, b, ¢, d, -, -, =. 
a, b, c, d,e, f,g 
a, d,e, f, g 
a, b, c, d,e, f, g 
a, b,c, d,e, f, g 
a, b, ¢, 4, e, f, g 
a, b,c, d, e, f, g 
a,b,c, d,e, f, g 
a, b, c, d,e, f,g 


ede: 
a,b,c, d 
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’ ‘It appears that the complexing capacity of different anions, added to zinc salt, 
depends not only on the nature of these anions but also on the nature of anion of the 
zinc salt (vide Table I). The complexes formed between zinc chloride and halides- 
thiosulphate, nitrate-nitrite-acetate, sulphate, and chlorate are (a, b,c, d, e, f, g), 
(c, e, g), (c, e) and (e) respectively. Hence, the order of the complexing capacity of these 
anions with zinc chloride is: halide = S,0,*-> NO,~ = NO,” = acetate > SO,’~ > 
ClO,~. With zinc nitrate, however, this order is: acetate > halide = $,0,’~ = SO,°-> 
ClO,~ and with zinc sulphate it is: NO,~ = acetate > halide = S,0,°~ > ClO,~. 
The perchlorate ion does not show any such tendency, indicating the absence of 
co-ordinating reactions in perchiorate solutions which are commonly used when 
no complexing is desired. Among zinc salts the degree of complexing observed in 
mixed solutions of zinc chloride and nitrate is greater than that with zinc nitrate- 
sulphate or zinc sulphate- chloride solutions, 


As regards the complexing capacity of different cations among metal chlorides, 
copper, cobalt, nickel and magnesium cations have the same degree of complexing 
tendency among themselves ic, d,e’. Similar behaviour is also observed among zinc, 
calcium, barium and strontium cations. However, among the several cations, the degree 
of complexing would be in the order: Cu = Co = Ni = Mg > Pb > Cd > Zn = Sr = 
Ba = Ca, 


Among etal nitrates, it may be observed that lead cation has less complexing 
tendency than Cd in cadmium- lead pair (a, b, c, d), slightly greater than copper, cobalt or 
nickel ion (a, c, d, g) in lead-cobalt, copper, or nickel pair, where (c) is evident, but (e) is 
absent, greater than magnesium in lead-magnesium pair (a, c, d, e), and same as calcium, 
barium, strontium or zinc (a, c, d, e, g). Zinc cation has less tendency than cadmium or 
magnesium in cadmium-zinc (a,c, d, e) or zinc-magnesium pair, (c, d,e, g), same as 
copper, cobalt or nickel (a, c,d, e, g) and greater than calcium, barium or strontium 
(c, d, e, g) in barium, calcium or strontium-zine pair. Beryllium cation indicates the 
same degree of complexing capacity as cadmium, copper, cobalt, nickel, magnesium, cal- 
cium, barium or strontium in the solutions of these metal nitrates mixed with beryllium 
nitrate. However, when lead or zinc nitrate solution is mixed with beryllium nitrate, 
beryllium shows less complexing capacity than lead or zinc (a, b, c, d). 


The formation of these complex ions in solution is probably dependent upon ion- 
dipole attractions. The existence of dipoles, whether sulphates, chlorides or nitrates etc., 
thus permits apparently neutral molecules to attract ions and other such molecular 
species and results in combinations, which although apparently stoichiometric, are not 
related to electron exchange or sharing. Cations, like beryllium with comparatively 
small size and high nuclear charge, serve as best centres of co-ordination, as anions 
would be highly polafised by them. McBain and Rysselburge ‘J. Amer. Chem. Soc., 
1928, 80, 3009) have shown that complex ions are formed by the combination of ordinary 
undissociated molecules with ions, when sulphate ions are added to bivalent sulphates. 
It has been further indicated that these complex anions cannot be considered negligible 
in dilute solutions also. McBain et al. (ibid., 1930, 52, 2336) have drawn the general 
conclusion that strong electrolytes form undissociated molecules and complex anions. 
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‘They differ only in degree from such an extre:ne case as that of cadmium iodide. 


Electrolytes would all seem to fall within a triangle, whose corners represent extremie 
dissociation, extremely weak electrolytes and complete formation of complex ions 


respectively. 


_ CHEMISTRY DEPARTMENT, Received July 27, 1954, 
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HETEROCYCLIC COMPOUNDS. PART XXX. NEW SYNTHESIS 
vo . OF 4-METHYLSCOPOLETIN AND 4-METHYLFRAXETIN 


“By R. D. Desai AND (Miss) J. V. 

Two new methods of the synthesis of 7-hydroxy-6-methoxy-4-methylcoumarin (4-methylscopoletin) 
have been described. The oxidation of 4-methy!-7-coumarinyl-methanesulphonate by alkaline 
potassium persulphate- (Eib’s mcthod) furnished 4-methyl-6-hydroxy 7-coumariny!-methanesulphonate 
which after methylation and subsequent demesylation afforded 4-methylscopoletin. , The preferential 
monotosylation of 6: 7-dihydroxy-4-methylcoumarin gave the 7-O-tosyl derivative which on methylation 
and subsequent detosylation yielded 4-methylscopoletin. The oxidation of 4-methyl-7 :8-coumarinyl- 
dimethanesulphonate by alkaline potassium persulplate yielded 4-methyl-6-hydroxy-7 :8-coumarinyl- 
dimethanesulphonate which on methylation and subsequent demesylation furnished 4-methyl-6- 
methoxy-7 :8-dihydroxycoumarin (4-methylfraxetin). 


The synthesis of 7-hydroxy-6-methoxy-4-methylcoumarin or 4-methylscopoletin (1) 
by the abnormal reaction of alkaline potassium persulphate on 6:7-dimethoxy-4- 
methylcoumarin was reported by (Miss) Bhavsar and Desai (Ind. J. Phar., 1951, 18, 
200), but Aghormurthy and Seshadri(J. Sci. Ind. Res., 1952, 11B, 411) refuted our 
claim by stating their inability to confirm our results. We wish to emphasise that 
even now we are able-to confirm our earlier observations which we publish in the 
experimental part for subsequent confirmation by others. (Miss) Bhavsar and Desai 
(Curr. Sci., 1951, 20, 325; this Journal, 1954, 31, 141) published another synthesis 
of (I) .by the oxidation of 4-methyl-7-coumarinyl-p-toluenesulphonate by alkaline 
potassiuin persulphate to 4-methyl-6-hydroxy-7-coumarinyl-p-toluenesulphonate (II), 
its methylation to 4-methyl-6-methoxy-7-coumarinyl-p-toluenesulphonate (III) and its 
subsequent detosylation. We have “subsequently found that protection of the hydroxyl 
group by methanesulphony! chloride (Mesylation) is preferable to -toluenesulphonyl 
chloride (tosylation) as the oxidation product is obtained in an improved yield. The 
oxidation of 4-methyl-7-coumarinyl-methanesulphonate by alkaline potassium persul- 
phate afforded 4-methyl-6-hydroxy-7-coumariny! methanesulphonate (IV) which. on 
methylation and subsequent demesylation yielded (1). The preferential monotosylation 
of 4-methyl-6:7-dihydroxycoumarin furnished 4-methyl-6-hydroxy-7-coumariny]-p-toluene- 
sulphonate (II) which was methylated to 4-methyl-6-inethoxy-7-coumariny]-p-toluene- 
sulphonate (III), and detosylated to (I). 


For the synthesis of 4-methylfraxetin or 4-methyl-6-methoxy-7 :8-dihydroxy- 
coumariii (V), the mesylation of 4-methyl-7 :8-dihydroxycoumarin by methanesulphonyl 
chloridé afforded 4-methyl-7 :8-coumarinyl-dimethanesulphonate which was oxidised 
by alkaline potassium persu!phate to 4-methyl.6-hydroxy-7 : 8-coumariny]-dimethane- 
sulphonate (VI), which was methylated to 4-methyl-6-methoxy-7 :8-coumiarinyl- 
dimethanesulphonate (VII), the subsequent demesylation of which yielded 4-methyl- 
fraxetin (V),: the synthesis of which from 4-methylumbelliferone by Aghormurthy and 
Seshadri (J. Chem. Soc., 1954, 3065) involved a number of stages. ‘The protection 
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of the hydroxyl groups of polyhydroxycoumarins by the mesyl rather than the tosyl 
group during the nuclear oxidation of coumarins is advantageous as the steric factors 
suspected by (Miss) Bhavsar and Desai (loc. cit.) in the case of O-ditosyl derivatives 
of 4-methyl-7 :8-dihydroxycoumarin and 4-methyl-s5 :7-dihydroxycoumarin, which did 
not undergo nuclear oxidation, are circumvented. We are exploring the extension 
of this method to the synthesis of other partially methylated ethers of polyhydroxy- 
coumarins. 


| 0 ( I: R= Me. 
R oO H Il: R = ‘p)C,H,SO; ; R, = H. 
Il: R = (p)C,H,SO,; R, = Me. 
IV: R = CH,SO.; R, = H 
CH, 
V:R=R8, =H; = Me. 
R.O ' CH VI: R = R, = CH,SO. ; R, = H. 
VII: R = R, = CH,SO:; R, = Me. 
re 
CH, 


EXPERIMENTAL 


Oxidation of 4-Methyl-6:7-dimethoxycoumarin and Formation of 4-Methyl-6- 
| methoxy-7-hydroxycoumarin or 4-Methylscopoletin (I).—The solution of 4-methy-6:7- 
dimethoxycoumarin (2 g.) in pyridine (40 c.c.) was cooled to 5°, and a mixture of 
the solution of KOH (4 g.) in water (40 c.c.) and potassium persulphate (4 g.) in 
water (100 c.c.) was slowly dropped with mechanical stirring during 2 hours ; the 
stirring was continued for 6 hours when the mixture attained the room temperature. 
After 48 hours the deep brown alkaline solution was made acidic to Congo red by 
adding HCl (conc., 15 c.c.) when unchanged coumarin (0.2 g.) and an acidic substance, 
which melted indefinitely at 180°-207° ‘decomp.), separated out. The solution was 
thrice extracted with ether, when further quantities of the unchanged coumarin (0.2 g.) 
and acidic substance were obtained from the ethereal extract. The solution was then 
treated wiih sodium sulphite (4 g.), HCl (conc., 40 c.c.) and heated on a water-bath 
for half an hour. The cooled solution after removal of the suspended impurities was 
extracted thrice with ether, and the solid (0.7 g.) obtained from the ethereal extract 
was treated with 2% sodium bicarbonate solution to remove acidic impurities‘fo.2 g.) 
which melted at 210-15° and showed blue fluorescence in alkali solution. The 
substance, insoluble in sodium bicarbonate solution (0.5 g.), was crystallised from ethyl 
acetate in colorless needies, m.p. 215-16°, undepreseed on admixture with 4-methyl- 
scopoletin synthesised by Miss Bhavsar and Desai (loc. cit.). (Found: C, 63.83 H, 
5.1. Cale. for C,,H,»O.: C, 64.0; H, 4.9 per cent): burcties 
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Its solution in water, alcohol, ulkali and H,SO, (conc.) showed strong blue 
fluorescence, but gave negative test with ferric chloride. It seems to be identical 
with Baker and Evans’ 4-methylscopoletin (J. Chem. Soc., 1938, 374), m.p. 213°, 
developing green coloration with ferric chloride. Its methy] ether crystallised from 
dilute alcohol in white fibrous needles, m.p. 136-37°, undepressed by an authentic 
specimen of 6:7-dimethoxy-4-methylcoumarin. 

4-Methyi-7-coumarinyl-methanesulphonate.---To a mechanically stirred solution 
of 4-methyl-7-hydroxycoumarin (8.8 g.) and methanesulphonyl chloride (6 g.) in 
acetone (100 c.c.) a solution of sodium bicarbonate (9 g.) in water (so c.c.) was added 
in four or five lots. After continued stirring for 4 hours, the mixture was poured in 
water when the sulphonate separated out as a solid. The solid was washed with 1% 
NaOH solution to remove the unchanged coumarin and was crystallised from alcohol in 
white needles, m.p. 172°, yield 80%. It was soluble in usual organic solvents and 
dissolved in H,SO, with a blue fluorescence. (Found: S, 12.8. C,,H,»O;S requires 
S, 12.6 per cent). 

Oxidation to 4-Methyl-6-hydroxy-7-coumarinyl-methanesulphonate {IV).—To the 
cooled and mechanically stirred solution of the above sulphonate (3g.) in pyridine 
(75 c.c.) solutions of KOH (6 g.) in water (60 c.c.) and potassium persulphate (6 g.) 
in water (150 c.c.) were gradually added alternately during 3 hours. The red 
solution with. blue fluorescence was stirred for 6 hours and set aside for 24 hours. 
On making the solution acidic to Congo red by the addition of HCl (conc.), the 
unchanged material separated out. ‘This was collected and the solution was extracted 
with ether which gave some more unchanged material (0.8 ¢.). The solution was 
then treated with sodium sulphite ‘6 g.) and HCl (conc., 80 c.c.), warmed on the 
water-bath for 1 hour and cooled. The solid separating was removed and ether extraction 
of the solution provided another lot. This solid was treated with 2% sodium bicarbonate 
solution and the residue (0.75 g.) crystallised from rectified spirit in white plates, m.p. 
240°. (Found: S, 11.8. C,,Hi:0O.S requires S, 11.9 per cent). It dissolved im 
alkali with a deep yellow colour without any fluorescence. Its alcoholic solution showed 
blue fluorescence. 

4-Methyl-6-methoxy-7-coumarinyl-methanesulphonate was prepared by refluxing 
the mixture of the above oxidation product (0.5 g.), anhydrous potassium carbonate 
(3 g.), dimethyl! sulphate (1 c.c.) and anhydrous acetone (50 c.c.) for 24 hours. The 
residue left after removal of the acetone was treated with water. The insoluble 
product was crystallised from alcohol in colorless nezdles, m.p. 170°. (Found: §S, 
11.2. C,2H,,0.S requires S, 11.3 per cent). 

4-Methyl 6-methoxy-7-hydroxycoumarin or 4-methylscopoletin (1) was obtained 
by keeping the solution of the preceding compound (0.5 g.) in H,SO, (conc., 1§ c.c¢.) 
for 24 hours and pouring it over ice. The solid, purified through solution in dilute 
sodium hydroxide, crystallised from dilute alcohol in white needles, m.p. 216°. 


4-Methyl-6:7-dihydroxycoumarin was obtained by pouring the solution of (LV, 
0.2 g.) in H,SO, (conc., 6 c.c.) after 24 hours over ice. The crystallised product 
melted at 273°, undepressed by admixture with an authentic specimen. 


ei 
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4-Methyl-6-hydroxy-7-coumarinyl-p-toluenesulphonate (11).—A iixture of 4- 
methyl-6:7-dihydroxycoumarin (2 g.), p-toluenesulphony! chloride (2 g.), anhydrous 
potassium carbonate (8 g.) and anhydrous acetone (75 c.c.) was refluxed on a water- 
bath for 7 hours. After removal of the acetone, the solid was treated with dilute NaOH 
solution when the ditosylated derivative (v.6 g.) remained insoluble. The alkali 
solution on acidification with HCl furnished a solid (1.2 g.) which crystallised from 
alcohol in white needles, m.p. 228°, undepressed by an authentic sample prepared by 
(Miss) Bhavsar and Desai (loc. cil.) hy the oxidation of 4-methyl-7-coumarinyl-p- 
toluenesulphonate. 

4-Methyl-6:7-coumarinyl-di-p-tolunesulphonate crystallised from alcohol in white 
needles, m.p. 160°. (Found: S, 12.6. C2sHy.sS_ requires S, 12.8 per cent). 

4-Methyl-6-methoxy-7-coumarinyl-p-toluenesulphonate (III) was prepared in the 
usual manner and crystallised from dilute alcohol in white thin needles, m.p. 196°. 
(Found: S, 8.9. Calc. for C,sH,,0O.S:S, 8.8 per cent). Its melting point was 
undepressed by admixture with a sample prepared by (Miss) Biavsar and Desai 
(loc. cit.). By pouring its solution in concentrated sulphuric acid (0.3 g. in 10 c.c. 
of the acid) after 24 hours over ice, it afforded 4-methylscopoletin, identified by m.p. 
and mixed m.p. with a specimen prepared by other inethods. 

Synthesis of 4-Methylfraxetin (V) from 4-Methyldaphnetin: 4-Methyl-7:8-couma- 
rinyl-dimethanesulphonate was prepared in the usual manner from 4-methyl-7:8-dihy- 
droxycoumarin (4 g.), methanesulphonyl chloride (5 g.), acetone (75 c.c.) and sodium 
bicarbonate solution (2.5 g. in 50 c.c. water). After usual purification it was 
crystallised from alcohol in white needles, m.p. 222°, yield 3.5 g. (Found: §, 18.2. 
C,2H,.0.5, requires S, 18.4 per cent). 

Oxidation to (VI1).— 
- The solution of the preceding coumarin (3.5 g.) in pyridine (40 c.c.) was oxidised 
as usual, using a solution of KOH (8 g.) in water (80 c.c.) and potassium persulphate 
(8 g.) in water (200 c.c.), and the solution was worked up after 48 hours. After 
acidification to Congo red and extraction with ether, unchanged coumurin (2 g.) was 
obtained. The solution was treated with sodium sulphite (8 g.) and HCl (conc., 
80 c.c.) and warmed on a water-bath for 30 minutes. The solution was extracted with 
ether six times and the dried ethereal extract afforded the oxidation product (0.5 g.), 
which after treatinent with sodium bicarbonate solution crystallised from ethyl acetate 
in white needles, m.p. 228°. It dissolved in alkali with a deep yellow colour while 
its alcoholic solution gave blue fluorescence. (Found: S, 17.2. C,:H,:0,S._ requires 
S, 17.5 per cent). When its solution in H,SO, (couc.) was poured over ice-cold water, 
4-methyl-6;7:8-trihydroxycoumarin, m.p. 274°, was obtained. Its melting point was 
undepressed by admixture with a specimen prepared by (Miss) Bhavsar and Desai 
(loc. cit.); Parikh and Sethna (this Journal, 1950, 27, 369), and Sawhney, Seshadri 
and Thiruvengadam (Proc. Ind. Acad. Sci., 1951, 838A, 11) also record the same m.p. 

4-Methyl-6-methoxy-7:8-coumarinyl-dimethanesulphonate (VII) was obtained by 
methylating (VI, 0.4 g.) with dimethy! sulphate (1 c.c.) in acetone (50 c.c.) in presence 
of anhydrous potassium carbonate .(3 g.) as usual. It crystallised from dilute alcohol 
in white plates, m.p. 218°. (Found: S, 16.8. C,sH,.OoS, requires S, 16.9 per cent). 
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4-Methylfraxetin or 4-methyl-6-methoxy-7:8-dihydroxycoumarin (V).—A_ solution 
of the precedivg coumarin (VII, 02 g.) in H.,SO, (conc., 6 c.c.) was poured over 
ice-cold water after 24 hours. The solid crystallised from alcohol in white needles, 
m.p. 259-60°. It dissolved in dilute alkali with a yellow colour and its alcoholic solution 
developed a blue-green colour with ferric chloride. The m.p. as well as the colour 
reactions agree with those reported by Aghormurthy and Seshadri (loc. cit.), 


The authors take this opportunity to express their sincere thanks to the Governing 
Body of the Ahmedabad Education Society for providing facilities. 


DEPARTMENT OF CHEMISTRY, 
L. D. Arts COLLEGE & Received December 8, 1955 


M. G. Science INstTiTUTE#, 
AHMEDABAD-9. 


6--1914P—7 


(Jour. Indian Chem. Soc., Vol. 23, No. 7, 19861! 


VISCOSITY OF SOME COMPLEX SALTS IN AQUEOUS SOLUTION 
AT 25°. PART IT 


By P. K. Das 


Viscosities of three tri-divalent comp'ex salts, viz., hexamine-cobaltic sulphate, tris-e' hylene- 
diamine-cobaltic sulphate and tris-propylenediamine-cobaltic sulphate, have been measured. The Jones 
and Dole equation is found applicable in dilute solutions. The value of ‘A’ found and that. derived 
with Falkenhagen and Vernon's equation (in parenthesis) are: 0.045 (0.0413), 0.0518 (0.0487), 0.0542 
(0.512). The ionic conductance of tris-propylenediamine ion at 35° is 83.10 ohm™!, : 


In extension of the previous work (this Journal, 1954, 31, 333) three complex 
tri-divalent salts that did not hydrolyse immediately were chosen for investigation. 


ExPERIMENTAL 


Hexamine-cobaltic sulphate, tris-ethylenediamine-cobaltic sulphate and  ir's- 
propylenediamine cobaltic sulphate were prepared and purified by the method of 
Jenkins and Monk (J. Chem. Soc., 1951, 68). Purity of the samples were tested by 
analysing for their Co, SO, and nitrogen contents. The first salt was carefully 
dried at 150°. A known weight of the salt was boiled for 3 hours with 2N 
sodium carbonate solution containing a little of caustic soda; the oxide formed was 
washed free from impurities, dissolved in H,SO, and Co estimated gravimetrically with 
@-nitroso-8-naphthol (Vogel, “‘Quantitative Analysis’, p. 547). The vacuum-dried 
samples of the other two salts were similarly analysed. Nitrogen was estimated by 
Dumas’ method and the sulphate was estimated gravimetrically (Vogel, loc. cit., p. 547). 
The results for each of the three salts are shown below, the theoretically computed 


values are in parenthesis. 


% Co. % N. SO,. 


t. [Co(NHs)s]a(SO,)s 18.9 (19.3) 27.0 (25.45) 47-1 (47.04) 
a. 16.6 (17.58) 12.1 (10.2) 43.0 (42.98) 
3- 14.8 (15.62) 10.9 (9.15) 38.0 (38.2) 


To ensure the purity of the samples equivalent conductances at three different 
concentrations of each of the three salts were measured at 25° and compared with the 
data of Jenkins and Monk (loc. cit.). ‘There was good agreement between the two results, 
indicating that the salts were quite pure. 

A stock solution of hexamine-cobaltic sulphate was prepared by weighing. The 
salt being slightly hygroscopic, the exact concentration of the stock solution was 
determined by estimating the sulphate. It was diluted to be exactly 0.0225 molar and 
this solution had a fa of 6.0. From this solution other solutions were prepared by 
dilution. Stock solutions of tris-ethylenediamine-cobaltic sulphate and tris-propylene- 
diamine-cobaltic sulphate were prepared and standardised as in case of the first salt. 


>. 
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The stock solutions of the latter two were 0.0070 and 0.0056 molar and had px 5.8 and 
5:5 respectively. The stock solutions and the diluted solutions were never older 
than four days and during the period the px of the solutions did not change by more than 
0.2 units. 

In order to calculate the value of ‘A’ from Falkenhagen and Vernon's equation 
(Physikal. Z., 1932, 88, 140) the ionic conductance of [Co(pn),]** ion at 35° is necessary. 
For this purpose conductances were measured with an accuracy of 2in 1000. The 
results are recorded in Table II. All other experimental procedures are similar to that 
shown in the previous communication (loc. cit.). 


TasLe I 


[Co(NH3)¢]2 (SO,)3. [Coflen)3]_ (SO,)3. (Co(png) J» (SO4)3. 
a/m=1+0.045 Ve + 0.35¢ n/ty= 1 + 00518 Wc +0 42¢. n/m = 1 + 0.0542 VC +0.45¢. 


Conc. 2/nexp. 1/1) calc. Conc. n/Ny exp. 1/19 calc. Conc. exp. 2/1 calc. 


0.0004 1.0009 0.0004 1.0012 1.0012 0.0004 1.0012 1.0013 
0.0006 1.0013 1.0C13 © 0006 1.0015 1.0015 0.0006 1.0016 1.0016 
0.0008 10016 ~—_ 1.0016 6.0008 1.0018 1.0018 0.0028 1.0019 1.0019 


0.0009 1.0017 1.0017 0.0009 1.0019 1.0019 0.0009 1.0020 1.0020 
0.0010 1.0018 1,0018 0.0010 0.0020 1.0021 0.0010 1.0021 1.0022 
0.0011 1.0019 1.0019 0.0011 1.0021 1.0021 0.0011 1.0023 I. 023 


0.0012 1.0020 ~=—‘1.0020 0.0012 1.0023 1.0023 0.0012 1.0024 1.0024 
0.0013 1.0021 1.0021 0.0013 1.0024 1.0024 0.0013 1.0025 1.0026 
0.0014 1.0022 1.0022 0.0014 1.0026 1.0025 © 0014 1.0027 1 0027 
1.0023 1.0023 


Concentration (c) is expressed in g. moles per litre. 


TAsLe II 


Equiv. cone. x 1of ann ms 1.86 2.41 3 665 4.92 5-733 


“A 167.1 165.8 161.1 157.8 
=81.3. 


The experimental values of ‘A’ and ‘B’ for the electrolytes were obtained by 


plotting (%/%o-)1/Vc against ¥c. This ionic conductance of the [Co(pn, ]** was calculat- 
ed from the observed data with a knowldge of the ionic conductance of the sulphate ion 
at 25° (Harned and Owen ‘Physical Chemistry of Electrolytic Solution’, p. 172) and 
its temperature coefficient. 

The calculated and the experimental values of ‘A’ and the experimental values of 
‘B’ for various salts are shown below. 


Tasre III 


Salt- ‘A’ exp. *A’cale, ‘B’ 
[Co(NH3)¢],(SO4); 0.043 0.0413 0.35 
0.0518 0.0487 0.42 
[Co(pn's 0.0542 


| = 


490 P. K. DAS 


The experimental values of ‘A’ for the salts examined are higher than the theoreti- 
cal value, although they are of the same order. It is of interest to note that in the case 
of ir's-ethylenediamine-cobaltic sulphate and  tris-propyienediamine-cobaltic sulphate, 
the difference between the experimental and the theoretical value of ‘A’ is almost 
equal i.e., 0.0031 and 0.0030 and the values of ‘B’ are alsonearly the same, 0.42 and 
0.45 respectively. With this meagre data no general conclusion can b2 drawn, but 
it can be stated that the factors that are responsible for the constant difference between 
the experimental and the theoretical values of ‘A’ are influencing the two salts to the 
saineextent. The very near values of ‘B’ also indicate the same. 


MAYURBHANJ CHEMICAL LABORATORY, 
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STUDIES ON THE NATURE OF THE RACEMIC ‘MODIFICATIONS OF 
OPTICALLY ACTIVE COMPOUNDS IN THE SOLID STATE. PART XI. 
PHENYL, o-, m-, p-CHLOROPHENYLIMINOCAMPHORS (d & di) 

AND PHENYL-., o-, m-, p-CHLOROPHENYL- 
AMINOCAMPHORS (d & dl) 


By Bawa KARTAR SincGH AND (Miss) SHANTI Kumari SETH 


The nature of the racemic forms of phenyl-, 0-, m-, p-chloruphenyliminocamphors and phenyl, 
o-, m-, p-chlorophenylaminocamphors has been investigated by the application cf the freezing point 
(melting point)—composition method of Roczeboom. It is found that the racemic forms of o-chloro- 
phenylimino- and -aminocamphors are solid solutions, whereas the remaining racemic forms are 


true dl-compounds. 
m-Chlorophenylamino-dl-camphor exists in dimorphic forms (¢ and 8). A new method for the 


determination of transformation (transition) temperature of the dimorphic torms, based on the melting 
point-composition diagram, has been developed The temperature of transformation of a into 8 form, 
in this case, is found to be 116.1°. 

All the racemic forms except phenylimiuo- and-aminocamphors are new compounds. Among 
the optically active forms, o-chlorophenylamino-;d-camphor and m-chlorcphenylamino-d-camphor are 
new substances. 


We have in this communication discussed the nature of the racemic modification of 
phenyl-, o-, m-, p-chlorophenylimino- and -aminocamphors. The chlorophenylimino- 
and chlorophenylamino-dl-camphors (0-, m-, p-) as well asthe o- and m-chlorophenyl- 
amino-d-camphors are new compounds. m-Chlorophenylamino-di-camphor exists in 
dimorphic forms (« and 8}. 

The enantiomorphic modifications may occur in equimolecular proportions to 
constitute what is known as a racemic form. ‘Three cases are possible : 
(i) A racemic ‘conglomerate’ or mixture of d- and l-isomers in equimolecular 


proportions (Type I). 
(ii) A racemic compound (dl) composed of one molecule of each of the optical 


and opposite isomers (Type II). 

(iii) A racemic solid solution or mixed crystals of equimolecular proportions of 
d- and I- forms (Type 111). 

There are three methods of distinguishing racemic forms; two of them, due to 
Roozeboom (Ber., 1899, 32, 537; Z. physikal. Chem., 1899, 28, 404) and Bruni 
(Gazzetia, 1900, 30, 35) are physical: Freezing-point or melting-point method and 
Solubility method. The third method, Biochemical, is due to Singh etal. (Proc. Nat. 
Acad. Sci. India, 1944, 14, 171). 


Solubiiity-Co1 position Diagrams 


Roozeboom (lec. cit.) and Bruni (ioc. it.) have theoretically discussed, from the 
standpoint of ‘Phase rule, the solubility relationships of optically active isomers, their 
racemic mixtures, compounds and solid solutions. The solubility-composition isotherms, 


= 
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which they had deduced theoretically, had not been obtained experimentally, until Singh 
and Perti (Proc. Ind. Acad. Sci., 1945, 22A, 170} in the case of camphor-8-sulphonic 
acid and Singh and Nayar (ibid., 1945, 22A, 46; 1947, 25A, 368) in the cases of cainphoric 
acid and camphor carboxylic acid supplied these experimental curves. In each case 
three curves were obtained, which conclusively proved that the racemic acids were 
true compounds. 


The Melting point-Composition Method of Roozeboom 


We have employed the melting point-composition method as it is very convenient 
and requires only small amounts of dextro (or laevo) and racemic forms. It consists 
in preparing the melting point-composition diagram. On the axis of composition 
are shown the percentage compositions of mixtures of dextro (or laevo) and racemic 
forms and on the vertical axis, the melting points of the mixtures. 

In the case of the racemic mixture (Type I), the melting point of each optical 
isomer will be lowered by the addition of increasing amounts of the racemic form till 
the eutectic point (the melting point of the racemic form) isreached. Thus, there 
will be two symmetrical curves, formed by joining the melting points of each of the 
optical isomers and the racemic form (racemic mixture). No such cases have, however, 
been observed in the present investigation. 

In the case of the racemic compound -(racemate), three curves will be obtained 
with two symmetrical eutectic points -invariant points- and a central maximum point 
(Type II). The maximam point is the melting point of the racemic compound (di). 

The mixed crystal or solid solution type of a racemic substance (Type III) will 
exhibit a single continuous curve, formed by joining the melting points of optically 
active and opposite forms and their racemic modificatious. If the two solids (d and !) are 
completely soluble in each other, only one solid phase can exist, for a homogeneous 
solid sulution constitutes a single solid phase, and only one liquid phase can form. 
Since the maximum number of phases is two, for a condensed system, the minimum 
number of degrees of freedom, jncluding pressure, is two; hence an invariant system 
is impossible, and there will be no singular point, i.e., discontinuity, on the phase 
diagram. Such freezing point (melting point)-composition diagrams will fall into 
three groups: (a) The melting points of all the compositions may lie on a straight line 
joining the melting points of the two optical antipodes; (b) the continuous curve may 
have a maximum or (c) a minimum. Examples of these three cases are known, e.g., 
d- and |-camphoroxime and d- and /- borneol have the same melting point 
for all mixtures as that of the pure components. The melting point-composition 
curves are, thus, horizontal straight lines, parallel to the composition axis. The 
melting point-composition curves with a maximum are found in the cases of d- and 
l-carvoxime and d- and l-a-bromocamphor. ‘The melting point-composition curves 
with a minimum, as in the cases of Cayo anders and-amino camphors, are 
described in this paper (Figs. 1 and 2). 

In the present work we have employed d- and dl- forms in preparing the melting 
point-composition diagrams, and have reproduced the other half of the curve - (dl-J) 
as the true mirror image of the experimentally determined half portion of the diagram 
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(d-di). ‘The mirror image portion of the diagram (d/-l) is represented by broken curves in 
Figs. 1-8. Since each of the diagrams is symmetrical, only one of the enantiomorphs 
together with the racemic modification is necessary for the study. 


Melting Point-Composition Curves 


The substances described in this paper furnished ihe melting point-composition 
diagrams which belong to types II and III, discussed above. 


Fic, 1 
o-Chlorophenyliminocamphors. 
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o-Chlorophenylimino- and -aminocamphors.—The melting point-composition dia- 
grams in these cases have a minimum, but there is no singular point in these curves, 
which are continuous. ‘This therefore indicates that these racemic forms are solid 
solutions (type III). In both the cases the portiun of the diagram, E,RE,, is almost 
horizontal. ‘The curves DE,RE,L are continuous, without any singular point 
(Figs. 1 & 2). 
m-Chlorophenyliminocamphors.—The melting point-composition diagram ‘Fig. 3) of 
these compounds belongs to type II. It has a central maximum ‘R) and two minima 
(E,, E,). ‘Thus, it consists of three curves DE,,E,RE,, and E,L. The racemic form 
is therefore a true di-compound. The central portion of the diagram occupies a large 
area and the dl-d portion of the curve is also fairly steep ; its range of stability is 
therefore large. ‘The eutectic points, E, and E,, are not sharp and well defined, 
which indicates that the racemic compound and the optical isomers form solid 


solutions in these regions. 


Fic. 3 
m-Chlorophenyliminocamphors. 
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m-Chlorophenylaminocamphors.--m-Chlorophenylamino-dl-camphor exists in di- 
morphic forms (« and 8), These forms can be mutually transformed into each other, 
as described in the experimental part. : 

8-Form.—The melting point-composition diagram (DE’,TR’ T’ E’,L,) of 8-form 
(Fig. 4, 8-form, Table I) has a central maximum R’ and two minima, E’, and E’,. It 
consists of three curves: DE’,, E’,TR’T’E’, and E’,L. It is therefore a true 
dl-compound. Its range of stability is large as it occupies a great portion of the 
diagram, and the curve dl-d is fairly steep. The eutectic points, E’;, and E’, are not 
sharp and well defined. It indicates that the racemic compound and its optical 
isomers form solid solutions in these regions. 
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Fic. 4 
m-Chlorophenylaminocamphors. 


O 4-FoRm 
B-FORM 


% Composition. 


a-Form.—The diagram of this compound (Fig. 4, «-form) is very interesting. Its 
general shape is similar to that of the 8-form, and consists of three curves: DE,, 
E,TR’T’E, and E,L. It is therefore a true dl-compound. 

The melting points of 2-form (106.6°) and 8-form (116.8°) with admixtures of 3, 
5 and 7% of d-form are identical, namely, 116.6°, 116.3° and 116.1° respectively 
(vide Table I, Fig. 4); in other words, the mixed melting point curves of «- and 
8-form with d-form are identical in this range. With 8, 9 and 10% admixtures of 
d-form with the a-form (dl), the melting points are about 0.2° higher than those of 8-form 
with d-form in the above mentioned proportions. With 30% admixture the melting 
points are: x-form, 105.5° and §-form, 100.2°. As the amount of d-form is further 
increased, the melting points of the mixtures of d-form with «-form are only slightly 
higher than those with the 8-form. It may, however, be noted that the melting 
point-composition curve of «-form always lies above that of the f-form, except for the 
composition range, 0% d to 7% d in which case it is identical with that of the 
6-form. ‘The point at which the two melting point-composition curves of «- and 8-forms 
meet is the transformation (transition) temperature of «-into 8-form, and is found to 
be 116.1°. It is clearly shown in the Inset of Fig. 4 (Fig. 4a, drawn on a larger scale). 

The «a-form is the metastable form, as it changes into the 8-form on heating. 
According to Ostwald’s rule it has higher energy of activation which is released, 
when it is transformed into the 8-modification. 

The melting points of the mixtures of d-form, with the *-form (metastable form) 
are higher than those with the 8-form (stable form) except as indicated above. This 
is brought about by the greater energy of activation associated with the a-form: The 
depression in melting points of «-form due to addition of different amounts of d-form 
should have, according to the freezing point equation, caused the melting point 
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curve of «-form to be below that of 8-form, had there been no change of «-form into 
the 8-form. But since «a-form changes into the §-form under the experimental 
conditions, its melting point curve should have been identical with that of the 8-form. 
The extra energy of activation released during transformation, however, raises the 
temperature of the melt of the mixtures of the «-form with the d-form above that of 
the 8-form with d-form. Its curve therefore lies above that of 8-form. This holds 
if the transformation temperature is above the melting points of the mixtures. If 
it is below the melting point of the mixtures, the two curves will be identical. Based 
on this principle, a method has been devised to determine the temperature of trans- 
formation for the dimorphic forms, as described in the following section. 


I 


m-Chlorophenylaminocamphors & (Fig. 4) 


Mixed melting-points of the racemic modification with d-form (Type II, compound). 


Weight % of Mixed Wt. % of Mixed Weight % of Mixed Wt. %of Mixed 
d-form. dl-form. m.p. dl-form wm.p. d-form. dlform. m.p. dl-form. mp. 
( 


(8). (a). (8). 


95.8° fc) 95.8° 30 70 105.5° 70 100.2° 
90 10 - 93 6° 10 92.4° 20 to 112.6° 80 108.2° 
85 15 ¢3.4° 10 go 115.5° go 115.2° 
80 20 93 4° 20 92.2° 9 91 115.6° 91 115.4° 
75 25 93-1° os a 8 92 115 7° 92 115.5° 
70 30 63-3° 30 92.2° 7 93 116.1° 93 116.1° 
65 35 93-5° “a one 6 94 116.3° 94 116.3° 
60 40 93-6° 40 93.0° 5 95 116.3° 95 116.3° 
50 50 94.4° 50 94.0° 3 97 116.6° 97 116.6° 
40 60 97-3° 60 096.6° 100 *106.6° 116.8° 


* After melting and resolidificatiou it changes to 116 8° (8). 


Determination of Transformation (Transition) Temperature of %- into B-Form 


There are seven methods described by Findlay (‘‘Phase-Rule and its Applications”, 
‘1935, P. 306) for the determination of transformation (transition) temperatures of 
dimorphic and polymorphic forms. We describe in this paper a very elegant and 
convenient method for the determination of transformation tempetature based on the 
melting point-composition diagram of the metastable and stable forms witha third 
substance, as described above. 


Ifthe transition temperature is above the melting points of the mixtures of 8-form 
with a third substance (d-form), the curve of metastable form (2) will always lie above 
that. of stable form (8). If, however, the transformation temperature is below the 
‘melting points of the mixtures, the melting point curves of «-form and the -form with 
d-form will be identical. The point where the two.curves meet will be.the transforma- 
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tion temperature. By applying this method it is found that the transformation 
temperature of %- into 8-form of m-chlorophenylamino-dl-camphor is 116.1° (Fig. 4, 
and Inset 4a), d-Camphor-f8-sulphonylphenylamide, which also occurs in dimorphic 
forms, «(m.p.115.0°) and @(m.p. 120.6°), has recently been investigated by Singh 
and Verma (Proc. Ind. Acad. Sci., 1956, 438A, 21) by the application of this method. 


p-Chlorophenyliminocamphors.—The melting point-composition diagram consists 
of three curves DE,, E,RE, and E,L, witha central maximum (R) and two minima 
(Ii, and E,) (Fig. 5). The recemic form is therefore a true dl-compound, but its range 
of stability is very small, viz., 90% di:100% dl. ‘The eutectic points, E, and I, are 
sharp and well defined. It is interesting to note that the addition of 10% dl-form to the 
pure d-component lowers its melting point by 2.8°, whereas the addition of the same 
amount of the di-form to the mixture consisting of 30%d:70% dl produces a remark- 
ably small lowering in its melting point, viz.,0 2°. ‘This clearly points to the fact 
that the deviations from the freezing point equation are governed by different variables 
at different points on the curve DE,. 


Fic. 5 
p-Chlorophenyliminocamphors. 
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p-Chlorophenylaminocamphors.—The melting point-composition diagram in this 
case also consists of three curves (Fig. 6), with a maximum point (R) and two minima 
(E, and E,). The racemic form is therefore a true dl-compound. It occupies a large 
portion of the diagram, and the curve RE, is fairly steep. The dl-componnd is 
therefore fairly stable, and its range of stability is large. ‘The eutectic points, E, and 
E,, are not sharp and well defined, which indicates that the racemic compound and 
the optical isomers form solid solutions in these regions. 


) 
>D 
WO 
Gs Q 
/ 
/ 
= 
34 
° 
O 
q DD DD OD DH 
, 
d 
ie 
d 
n 
e 
h 


B. K. SINGH AND 8. K. SETH 


Fic, 6 
p-Chlorophenylaminocamphors. 


7) 
80 
% Composition. 


Phenyliminocamphors and Phenylaminocamphors.—The melting point-composition 
diagrams of these two substances are very similar. Each of these curves has a central 
maximum (R) and two minima, E, and E,, which shows that the racemic forms are true 
dl-compounds ‘The central portions of the diagrams (Figs. 7 and 8) are large, and 
the curves RE, are fuirly steep. This indicates that these racemic compounds are 
stable, and their stability is great. Inthe the case of phenyliminocamphors (Fig. 7) 
the eutectic points, E, and E,, are somewhat sharp, whereas those in the case of 
phenylaminocaimnphors are not sharp, and well defined (Fig. 8). It therefore appears 
that phenylamino-dl-camphor forms solid solutions with the d-isomeride in this region. 


FIG. 7 
Phenylimino-camphors, 
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EXPERIMENTAL 


Chiorophenylimino-dl-camphors (o-, m- & p-) 


These racemic compounds are new substances and were prepared as follows : 
p-Chlorophenylimino-dl-camphor was prepared by heating together dl-camphor- 
quinone and p-chloroaniline in equimolecular proportions in presence of anhydrous 
sodium sulphate on a water-bath for 6 to 7 hours. The reaction product was cooled and 
extracted with rectified spirit. The compound was precipitated by dilution with water. 
It was recrystallised from hot aqueous ethyl alcohol as sulphur-yellow needles, 
m.p. 132-33°. (Found: N, 5.3. CisH:sONCI requires N, 5.08 per cent). 

It is readily soluble in chloroform, benzene, acetone, pyridine and ethyl acetate, 
sparingly so in ethyl alcohol and methyl alcohol, and insoluble in water. 

The d-isomeride, m.p. 140-141°, was prepared in the same way as by Forster and 
Thornley (J. Chem. Soc., 1909, 95, 942). 

m-Chlorophenylimino-dl-camphor was prepared in the same way as the p-isomeride. 
The crude product on crystallisation from hot aqueous ethyl alcohol (50-70%) 
furnished yellow prisms, m.p. 123-24°. (Found:N, 5.07. C,¢.H,,ONCI requires N, 5.08 


per cent). 
The compound is readily soluble in chloroform, benzene, acetone, pyridine and 


ethyl acetate, sparingly so in ethyl alcohol and methyl alcohol and insoluble in water. 
The d-isomer, m.p. 119-20°, was prepared according to Singh and Mazumdar 
(ibid., 1919, 115, 572) who, however, record the m.p. as 123-24°. 
The relative order of solubility is the same as that of the di-isomer. (Fouud:N, 
5.15. C.¢H,,ONCI requires N, 5.08 per cent). 
o-Chlorophenylimino-dl-camphor was prepared by two methods: (i) by using the 
free base and (ii) by using the hydrochloride of the base. In the second case the 
reaction was completed in shorter time and the yield of the compound was also better. 
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(i). di-Camphorquinone and -chloroaniline, in equimolecular proportions, were 
condensed together on the water-bath for 48 to 55 hours in the presence of anhydrous 
sudium sulphate. ‘The reaction product was cooled and extracted with rectified spirit. 
The compound was precipitated on dilution with water. It was crystallised from hot 
aqueous alcohol (50-70%) as silky yellow needles, m.p. 113-14°. 


(ii). dl-Camphorquinone and o-chloroaniline hydrochloride, in equimolecular 
proportions, were heated together on the water-bath, maintained at 80-90°, in the 
presence of excess of anhydrous sodium acetate for 6 to 7 hours. ‘The reaction product 
was cooled and extracted with rectified spirit, and the compound precipitated by dilution 
with water. It was recrystallised from hot aqueous ethyl alcohol as silky yellow needles, 
m.p. 113-14°. ‘The melting point of a mixture of the specimens prepared by the two 
methods was not depressed. 

The compound is highly soluble in chloroform, benzene, acetone, pyridine and ethyl 
acetate, sparingly so in ethyl alcohol and methyl alcohol and insoluble in water. 
(Found :N, 5.03. C..H,s,ONC! requires N, 5.08 per cent). 

The d-isomer, m p. 123-24°, was prepared in the same way as the racemic form. 


Singh and Mazumdar (loc. cit.) reported its m.p. 128°. (Found:N, 5.24. C:eH:sONCI 
requires N, 5.08 per cent). 


Chlorophenylamino-dl-camphors ‘o-, m- & p-) 


The racemic compounds as well as their d-isomerides (except the para isomeride) 
are new substances and were prepared by the reduction of the corresponding chloro- 
phenyliminocamphors with zinc dust and alkali, as given below : 


p-Chlorophenylamino-dl-camphor was prepared by the reduction of p-chlorophenyl- 
imino-dl-camphor in ethereal solution with zinc dust and 10% aqueous KOH solution. 
The solution was shaken ina closed botttle till colorless. The ethereal layer was 
separated and evaporated off to dryness. The residue was recrystallised thrice from 
dilute aqueous ethyl alcohol (50-70%) as hexagonal plates, m.p. 138°. (Found :N, 5.3. 
C,.H.»ONCI requires N, 5.04 per cent). 
' Itis highly soluble in chloroform, benzene, acetone, pyridine and ethyl acetate, 
sparingly so in ethyl alcohol and methyl alcohol, and insoluble in water. 


Forster and Thornley (loc. cit.) prepared the d-isomeride by acid reduction, but we 
found that by this method the yield was poor, and it also took much longer time for 
the reaction to be completed. ‘The m.p. 97-98°, however, agrees with that reported by 
them (98°). 


The relative order of solubility in different solvents is the same as that of the 
dl-form. 

m-Chlorophenylamino-dl-camphor was obtained in two dimorphic forms :*-form, 
m.p. 106-108° and 8-form, m.p. 116-18”. 


a-From was prepared by the reduction of an ethereal solution of m-chloro- 
phenylimino-dl-camphor with zinc dust and 10% aqueous KOH solution. The crude 
product was thrice recrystallised from hot aqueous ethyl alcohol (50-70%) as rectangular 
plates, m.p. 106-108", (Found : N, 5.3. C:sHeeONCI requires N, 5.04 per cent). 
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The compound is readily soluble in chloroform, benzene, acetone, pyridine and 
ethyl acetate, sparingly so in ethyl alcohol and methyl alcohol and insoluble in water. 

B-From was first obtained on reduction of m-chlorophenylimino-di-camphor by 
zine dust and 10% aqueous KOH solution. ‘The crude product melted at 114-16°, 
On twice recrystallisation from aqueous alcohol (50%) it was converted into the «-form, 
m.p. 106-108°. On recrystallisation from absolute ethyl aicohol or methyl alcohol, a 
product containing crystals of both the forms was obtained. 

The B-form was also obtained by heating the «-form at its melting point. (Found : 
N, 5.2. CysHzo.ONCI requires N, 5.04 per cent). 

The relative order of solubilty in different solvents is the same as that of the a-form, 

Both the forms are very susceptible to oxidation. The ethereal solution on exposure 


toair immediately turns brown. ‘The evaporation of ethereal solution was therefore 
carried out in an inert atmosphere (coal gas). 


Mutual Transformation of 2- and 8-Forms 


(i) The a-form is converted into the 8-form with or without a trace of 8-form at its 
melting point. 


(ii) The 8-form is converted into the 2-form by crystallisation from cilute aqueous 
alcohol (50%). 


(iii) Crystallisation of « - or 8 -form from absolute methyl alcohol or ethyl alcohol 
affords a mixture of «- and 8- forms. 


The above mentioned transformations may be represented as below : 


Crvstallisation from absolute EtOH or MeOH 
<— 


action of heat 


a-form B-form 


Cryst. from dil. 
aq. alcohol (50%) 

The d-isomeride was prepared in the same way as the dl-isomer by alkaline reduc- 
tion of the corresponding iminocamphor. The crude product was crystallised from 
dilute aqueous ethyl alcohol (50-70%) as rectangular plates, m.p. 95-96°. (Found: N, 
5.11. CisHzONCI requires N, 5.04 per cent). 

The relative order of solubility of the d-form in different solvents is the same as 
that of the dl-isomeride. ‘The dextro form, however, does not exhibit dimorphism. 

o-Chlorophenylamino-dl-camphor was obtained in the same way as the para and 
meta isomerides by alkaline reduction of o-chlorophenylimino-dl-camphor. The crude 
product was recrystallised thrice from hot aqueous ethyl alcohol (50%) as rectangular 
plates, m.p. 118°. 

The compound is freely soluble in chloroform, benzene, acetone, pyridine and ethyl 
acetate, sparingly so in ethyl alcohol and methyl alcohol and insoluble in water. 
(Found : N, 5.24. CisH.»ONCI requires N, 5.04 per cent). 

The d-form was prepared in the same way as the dl-isomer by alkaline reduction 
of o-chlorophenylimino-d-camphor. The crude product was crystallised twice from 
dilute aqueous ethyl alcohol (50-70%) as rectangular plates, m.p. 146-47°. (Found : 
N, 5.2. CisH2ONCI requires N, 5.04 per cent). ‘The relative order of solubility of the 
compound is the same as the dl-isomeride. 
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Phenylimino-dl-camphor and phenylamino-dl-camphor were prepared according to 
the methods of Singh et al. (this Journal, 1931, 8, 95). 


Phenylimino-d-camphor and phenylamino-d-camphor were prepared according to 
the method of Forster and ‘Thornley (loc. cit.). 


The melting point-composition diagrams were prepared as follows : 


An intimate mixture of known composition of racemic form and dextro isomeride 
_ was prepared by taking exact weights of the components in different proportions in an 
agate mortar and thorough mixing and grinding. Six determinations of the melting 
point (capillary-tube method) of each mixture were made with Siebert and Kuhn thermo- 
meters graduated to 0.2° and the mean value was taken asthe m.p. of the mixture. 
The results are plotted asthe melting point-composition diagram in Figs. 1-8. The 
tables of data recording m.p. and percentage composition by weight of different 
mixtures, except in one case, are omiited for the sake of economy of space. 


The authors wish to thank the Banaras Hindu University for the provision of 
research facilities, and for the grant of a Research Assistantship to one of them 
(Miss S, K. Seth), 


OrGaNIC CHEMICAL RESEARCH SECTION, 
Banaras Hinpu UNIvERSITY, Received September 20, 1955. 
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COMPLEX COMPOUNDS OF BI-POSITIVE SILVER WITH PYRIDINE 
CARBOXYLIC ACIDS. PART I. ARGENTIC 
NICUOTINATE AND isoNICOTINATE 


By BirESWAR BANERJEE AND PRIYADARANJAN Riy 


. Compiex compounds of bi-positive silver with nicotinic and isonicotinic acids have been prepared 
in the form of cinnamon-red crystals by the action of potassium ‘persu'phate on si.ver nitrate and 
the organic ligand in aqueous medium. The compenunds are paramagnetic with w,= 173 Bohr 
(approx.). A study of the X-ray diffraction of the crystals of Ag" - and-Cu" - isonicotinates furnishes 


evidence in support of their isomorphous character. 

It is suggested that the configuraticn of the complexes is best represented by assuming that their 
molecules are either dimeric, or polymeric with the formation of an unending two dimensional sheets 
or lavers. They are to be regarded as inner-metallic penetration complexes with planar dsp? 


hybrid bonds. 


Bi-positive silver is known to form a very stable chelate complex of the inner- 
metallic type with pyridine-2-carboxylic acid (picolinic acid). This was first studied 
by Barbieri (Atti Accad. Lincei, 1033, 17, 1078) and was found by Cox, Wardlaw 
and Webester (J. Chem.-Soc., 1936, 775) to be isomorphous with copper picolinate. 
Burada (Ann. Sci. Univ. Jassy, 1935, 20, 71) also reported the preperation of a red 
crystalline bi-positive silver complex of quinolinic acid (pyridine-2 : 3-dicarboxylic 
acid). In both these acids, the functional groups —N aud —COOH are in very 
favourable positions to give rise to stable five-membered chelate rings by co-ordination 
with the silver (II) atom. With a view to studying whether these functional groups at 
other positions of the pyridine ring can at all lead to the formation of any inner- 
metallic complexes with bi-positive silver, a systematic investigation with all the 
available mono-, di- and tri-carboxylic acids of pyridine was considered desirable. A 
preliminary qualitative examination with nicotinic acid (nyridine-3-carboxylic acid), 
isonicotinie acid (pyridine-4-carboxylic acid) and cinchomeronic acid (pyridine-3 : 4- 
dicarboxylic acid) gave very promising results. In the present communication 
argentic complexes of pyridine monocarboxylic acids, nicotinic and isonicotinic acids 
have been described. Both nicotinic and jsonicotinic acids, on being treated with 
silver nitrate and potassium persulphate solution, furnished insoluble cinnamon-red 
crystalline complexes with a paramagnetic moment (ca. 1.73 #s), corresponding to 
the presence of one unpaired electron, characteristic of bi-positive silver. Of these, 
argentic isonicotinate has been found to be isomorphous with the corresponding cupric 
compound from an X-ray study of their powdered crystals. A similar examination 
of the nicotinate complexes (Chackraburtty and Banerjee, Indian J. Phys., 1¢55, 29, 
357) also indicates a general resemblance between the argentic and cupric compounds, 
though no definite statement can be made about their isomorphous character, 


8—1914P—7 


504 B. BANERJEE AND P. RAY 


The structures of these argentic complexes present a rather intriguing problem. 
Their properties indicate that they should be viewed as inner-metallic penetration 
complexes with plavar dsp* hybrid bonds. Both show the same composition 


Ag(C,H,0,N).: 


N 


Ag" -isonicotinate. 


-nicotinate. 


On the basis of these simple structures, 1:3 or meta positions in the nicotinate 
‘and 1:4 or para positions in the isonicotinate complex are tu be bridged by the silver atom 
with formation of 6- and 7-membered chelate rings, which are rather improbable and 
are unknown in the case of organic compounds. But the possibility of the meta 
positions of nicotinic acid being bridged by the silver atom cannot be altogether 
excluded in vew of a very large single-bond covalent radius (1. 534) of the silver atom, 
which is almost twice that of carbon (0.774). But such an interpretation capnot be 
‘seriously entertained in the case of isonicotinic acid, where the para positions have 
to be bridged. Plausible configurations for these complexes can, however, be 
represented by assuming that their molecules are either dimeric as in (I), or polymeric 
as in (EI) with the formation of an unending two-dimensional sheets or layers. The 
silver atoms in these molecules occupy the centre of a nae, being co-ordinated with 


N: and O- atoms of the acids in one plane. roof 
H i 
FiG. 1 } 
CHA + \ co 
— CO —C,H,N ? 
C5H, . 


(II) 


It can therefore be stated that all the three pyridine monocarboxylic acids (x, 8B 
and y) afford bi-positive chelate silver complexes of the inner- “metallic type with similar 
properties. 

EXPERIMENTAL 


Argentic Nicotinate.—Nicotinic acid (3 g.) was dissolved in 50 ¢.c. of water (if 
necessary by heating) and mixed at the room ‘temperature with a solution of silver 
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nitrate (1.36 g. in 1oc.c.) when silver (I) nicotinate separated as a precipitate. A 
solution of potassium persulphate (6g. in the minimum quantity of water) was after- 
wards added dropwise to this mixture with constant stirring. The stirring was continued 
for about three hours by means of a magnetic stirrer in the cold. A chocolate-red crystal- 
line powder formed the final product. This was filtered through a sintered-glass bed, 
washed with cold water till free from sulphate, and then dried in a vacuum desiccator 
over CaCl, ; yield 3.5 ¢. ~ 

The substance forms brick-red, fine, needle-shaped prismatic crystals, insoluble 
in water, but readily decomposes in dilute mineral acids or alkalies. With cold 
dilute acetic acid also it suffers decomposition on warming. The substance can be 
heated to 115° without any appreciable decomposition. It remains unchanged, when 
kept dry, for months. », = 1.74. From an acid solution of potassium iodide it 
immediately liberates iodine. [Found: Ag (oxidimetric), 30.2; Ag (gravimetric as 
AgCl), 30.4; N, 8.1. Ag(C,H,NO.), requires Ag, 30.68; N, 7.95 per cent]. 

‘Tables I and II summarise the results of measurement on the X-ray pictures of 
copper and silver complexes of isonicotinic acid. 


Taste I 
Copper isonicotinate, 


6, Visual d. 6, Visual d. 6. Visual d, 


intensity. intensity. intensity. 


Ww. 


Silver™ isonicotinate. 


6. Visual d, Visual d, 6, Visua! 
intensity. i intensity, intensity. 
5°27” “8.104 ~ 14°02" 3-188 17°20" 2.584 
7°10" w. 6.17 15°02" w 2.907 18°46" 2.39 
9°53" m. 4.49 16°02" w. 2.79 20°55" m. 2.16 
10°53" Ss. 4.08 16°37" w 2.69 22°13" m. 2.04 
12°02" s. 3.69 23°47" w. 1.91 


‘Argentic isoNicotinate.—isoNicotinic acid {1.87 g.) was dissolved in 100 c.c. of 
boiling water and treated with a solution of silver nitrate (0.87 g. in 5 c.c.). Ow 
cooling, silver (I) isonicocinate separated as a fine precipitate. ‘The mixture was then 


5°27’ R.10A 13°54" w. 20°12" w. 2.238 
7°10" = 617 14°37’ w. 3-05 21°21" m. 2.11 
9°45" m. 4-55 15°11" w. 2.94 22°30" w. 2.01 
11°02" Ss. 4.02 16°20" w. 2.74 23°56 w. 1.90 
11°54’ m, 3.74 16°54’ w. 245 24°30" w. 1.86 
_ 12°53" We 3045 18°55" w. 2.37 26°30" w. 1.72 

Taste II 
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treated dropwise with constant stirring with a solution of sodium persulphate (3 g-) 
in the least quantity of water. The stirring was continued with the he!p of a magnetic 
stirrer for about 4 hours in the cold, when the white silver (I) isonivotinate was completely 
converted into cinnamon-red crystals of the bi-positive silver complex. The crystals 
were filtered, washed and dried as iu the previous case ; yield 1.5 g. 


Argentic isonicotinate resembles the corresponding nicotinate complex more or less 
closely in all its properties. », = 1.60. [Found: Ag, 30.6 (oxidimetric), 30.8 
(gravimetric) ; C, 41.52. Ag (CsH,NO,), requires Ag, 30.7; C, 40.9 per cent]. 

The powder X-ray photograph of the substance as well as of the corresponding 
copper isonicotinate, Cu(C,H,NO,),, were taken in a cylindrical camera of radius 
5.0 cm. by using copper radiation from a Hadding tube run at a voltage of 4o. kv. 
with a tube current of 15 ma. [cf. Fig. 3 (a and b)J. Fig. 4 (a and b) shows the 
powder photograph of copper and silver complexes of nicotinic acid. . 


Cu-iso 
nicotinate 


Agi ” 


Cu-nicotinate 


It is evident from the tables that the d values and also the intensity of the 
corresponding powder lines of the two isonicotinate complexes are almost identical, 
indicating their structural similarity. 

The authors desire to express here their best thanks to Dr. D. R. Dasgupta of 
the Department of Magnetism of this Association for the powder photographs 
and to Shri S. Dutta Ray of the same department for magnetic measurements of the 
substances. 
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STUDIES IN GLYCOLIC TITRATION. PART III. TITRATION 
OF ORGANIC BASES AND POLYAMIDES IN 
GLYCOL-PHENOL MEDIUM 


By Santi R. Patit anp U. N. SINGH 


Phenol asa co-solvent in the glycolic titrations of organic bases has been investigated and as 
expected from its protogenic nature, it considerably enhances the sharpness of the potentiometric 
end-point. A visual titration of nylon against hydrochloric acid in phenol-ethyleneglycol mixture 
has also been successfully carried out, using Thymol blue as indicator. The value for the molecular 
weight, as obtained from the method, is found to be of the right order of magnitude. 


Glycolic titrations, developed by Palit (Ind. Eng. Chem. Anal. Ed., 1946, 18, 
246) and Das and Palit (this Journal, 1954, 31, 34, 39) where either a pure glycol 
mixture with a suitable . co-solvent like isopropyl alcohol, n-buty! alcohol or chloro- 
forin is used as a titration medium, are now well recognised and are applied for various 
types of titrations involving weak bases. The usual efficacy of glycols is attributed 
by Palit (‘‘Non-aqueous ‘Titration’ by Palit, Das and Somayajulu, Indian Association 
for the Cultivation of Science, Calcutta) to its strong hydrogen-bonding power making 
them virtual acids, and it is, hence, expected that phenol, which is an acid and also 
a-good solvent for hydrocarbons, would bea good co-solvent for the purpose of the 
above titrations, all the more so, as phenol has also some glycolic properties. The 
present paper reports the behaviour of phenol as a co solvent in glycolic titrations. 


ExPERIMENTAL 


All solvents used were purified by distillation. Details of preparation of the 
acid, standardisation of the same and the procedure for titration were the same as 
described in the monograph by Palit, Das and Somayajulu (loc. cit.). A Cambridge 
bench pattern was used. 


Ethyleneglycoi-phenoi Media 


Titration. of Pyridine against Hydrochloric Acid.—The results of the potentiometric 
titrations of pyridine, a typical weak base, against hydrochloric acid in glycolic 
mixtures of .ethyleneglycol and phenol in varying relative proportions are represented 
in Fig. 1. Addition of phenol in accordance with our expectation is found to bring 
about a remarkable increase in sharpness of the inflexion point even with 10% 
phenol. The enhancement of the sharpness of end-point steadily goes ahead 
with further addition of the co-solvent (phenol) until it reaches its maximum value 
with a glycolic mixture containing about 25 to 50% phenol. Further addition is not 
found t6 add much to the sharpneds of the potentiometric break which is clearly 
demonstrated by the curve G, based on the titration of pyridine in a glycolic mixture 
with 66% phenol. 
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A—Water. 


' 
H 
B—Pure ethylene- 
glycol. 
4 42 C~—10% Phenol 
D—25% 
E—33% ” 
F—50% ” 


G—66% 
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Hence, it appears that a mixture of ethyleneglycol and phenol in the ratio of 3:1 
to 1:1 can be advantageously adopted as a medium for the titration of weak bases. 
The use of a higher proportion of phenol, though may not have any disagreeable 
effect on the sharpness of the inflexion point in the curve, is not desirable in view 
of its corrosive nature and repulsive odour, except in special cases where some other 
property like its solvent action as in the case of polyamides, to be referred to later, is 
also of equal significance. 


Fic. 2 


36 


Pu (curve D). 


95 100105 95100105 95 100 105 

% Neutralisation. Sb 
A --Aniline vs. HCI in pure eth. glycol. C—Pyridine vs. HClin eth glycol-phenol (1 :1)+5% water. 
Do ,, Do eth glycol phenol (1:1). D—Nylon ,, Do ,, (4%). 
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Titration of Aniline against Hydtochioric Acid.—Anothet weak base of slightly 
different type, viz., aniline, was subjected to glycolic titrations in glycol-phenol' 
mixtures. The results are graphically represented in Fig. 2. Quite unexpectedly, 
however, phenol does not seein to have any appreciable effect on the sharpness of 
the inflexion point. ‘This, once again, brings out in bold relief the point observed by ' 
us eaflier that the relative basicity in organic solvents may be quite different from 
that in water. It appears that the explanation has to be sought in some latent power’ 
of phenol to partly shield off the basicity of aniline, but not of pyridine. | 


Titrations against Perchloric Acid.—In view of a difference in the behaviour of 
HC! and HCI1O, in non-aqueous solvents, as reported by Palit et al. (Monograph) a few 
titrations of pyridine and aniline in pure ethyleneglycol and in a glycol-phenol mixture 
(1:1) have been carried out and the results are represented in Fig. 3. Perchloric 
acid behaves as a much stronger acid as compared to HCI in glycol-phenol mixture ' 
and the solution resembles the “‘super acid solution’’ of Conant and Hall in glacial 
acetic acid. Even with a small concentration of the acid, the pa of the solution 
extends below o on the usual px scale of a glass electrode px-meter. To obtain the 
reading in the conventional manner with the p,-meter, the prx-meter was set one px’ 
unit higher than the true px of the standardising buffer, which was subsequently 
subtracted from the observed values. 


FIG. 3 
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9% 100 105 
% Neutralisation, 


.A—Pyridine vs. perchloric acid in pure eth.glycol. 

B— Do eth.glycol-phenol (1:1). 
C—Aniline ‘ pure eth. glycol. 

D— Do eth.glycol-phencl (1:1), 


In pure ethyleneglycol, the perchloric acid does not seem to bring about much 
improvement in the inflexion point over hydrochloric acid, as shown by curves A 
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and Cin Fig. 3. Addition of phenol greatly enhances the sharpness of the potentio- 
metric break in the titration of pyridine, as shown by the curve B in Fig. 3. Ia 
the case of aniline, though a slight improvement is observed, it is not of the order as 
noticed in the titration of pyridine. Thus, it appears from the titrations of aniline 
against HCl as well as against HCIO, that phenol does not add much to the sharpness. 
of the inflexion point as it does toa reasonable extent in the case of a heterocyclic 
bases, like pyridine. It thus appears that glycol-phenol mixtures are epooally suited 
for the titration of weak heterocyclic bases. 


_ Differential Titrations.—'The following pairs of bases were successfully titrated 
differentially in glycol-phenol media; ‘i) diethylamine and pyridine, (ii) triethylainine 
and pyridine and (iii) ammonia and pyridine. The potentiometric titration curves 
are shown in Fig. 4. It would be noticed that sharp differential titrations are possible 
and also that the three curves are practically identical despite a cousiderably low value 
for the basicity of triethylamine (pK-3.19) and ammonia {pK-4.76) as compared to 
diethylamine (pK-2.90) in aqueous medium, In the same graph a differential 
titration curve between aniline and triethylamine is also included. It thus appears 
that aniline can be differentially estimated with precision if present in mixture with 
any alkylamine. However, in a mixture of aniline and pyridine or in a mixture of 
two alkylamines, say dicthylamine and ammonia (or ?tributylamine) the individual 
bases cannot be estimated by differential titrations. 
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A—Diethylamine + pvridine. B—Triethylamine + pyridine. 
C—Ammonia + pyridine. _ D—Triethylamine + aniline. 
E—Ammonia + pyridine in water. F—Na-acetate + pyridine. 


G—Diethylamine + Na-acetate. 
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Quite unexpectedly, however, sodium acetate, which is undoubtedly one of the 
strongest bases in glycolic media, so much so that it can be titrated with indicators 
with extreme accuracy, could not be differentially titrated from pyridine or for that 
matter from any organic base. 

Reproducibility and Accuracy.—Glycolic titrations, as we have also pointed out 
before, have the unique advantage that ordinary glass electrodes can be used and 
the potentials are highly reproducible and stable. In this respect, the method 
possesses a special advantage over the alternative method of titration in glacial acetic 
acid, which latter requires special electrodes and often the potentials are unstable and 
non-reproducible (Warner and Haskel, Anal. Chem., 1954, 26, 770). 

Even a trace of water has a deleterious effect with most of the weak organic bases 
by indicator method in glacial acetic acid. However, in the present method presence 
of water up to a concentration near about 5% is not harmful, and end-points can be 
detected with indicators, as also by potentiometry. A typical titration curve for 
pyridine in the glycolic mixture (ethyleneglycol: phenol= 1:1) containing 5% of 
water has been represented in Fig. 2 by the curve C in support of our above statement. 


Titration of Polyamides.—A potentiometric titration of nylon (polyhexamethyle- 
nediammonium adipate) in phenol-propyleneglycol mixture has been reported by 
Basu from this laboratory (J. Polymer Sci., 1950, 5, 735) which, however, involves 
considerable practical difficulties due to its very low solubility in the above solvent 
mixture. An attempt has been made by the present authors to carry on a visual 
titration using Thymol blue as an indicator at a moderately high temperature (70°) 
so as to keep nylon in solution. On adding a few drops of Thymol blue to the 
phenolic solution, an orange or a slightly reddish colour appears due to the inherent 
acidity of the solvent (phenol). Addition of a few c. c. of ethyieneglycol restores the 
characteristic yellow colour by lowering down the acidity of the solution and thus 
brings it in the working range of the indicator (Thymo! blue). It was titrated 
against hydrochloric acid, dissolved in a phenol-glycol mixture. ‘Though the end-point 
is notso sharp, because of the simplivity and quickness of the method it may be 
recommended in the routine analysis for controlling the quality of nylon which 
invariably depends upon its molecular weight. With a particular sample of nylon, 
considering it to be a monoacidic base, we obtained its molecular weight to be 10,494 and 


10,714 (mean 10,600) respectively in two titrations against M/20- HCI using Thymol 


blue as an indicator. This value of the molecular weight seems to be of the right order 


of magnitude for the commercial nylon. 


Nylon salt (hexamethylenediammonium adipate) behaves as a very strong base 
in the solvent, as shown by the titr@tion curve D in Fig. 2. Visual titration, using 
Thymol blue as indicator too, gave excellent results with a very sharp colour change. 


Out of the several indicators tested for their working in phenol-glycolic media, 
Thymol-blue and Dimethyl yellow showed colour change from yellow to red. However, 
the change in both the cases is not sharp and becomes still more sluggish with an 


increased proportion of phenol. 
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DIscUSSION 


Addition of phenol to ethyleneglycol, besides its remarkable effect in enhancing 
the sharpness of the potentiometric end-point, brings about a “downwards stretching”’ 
of the lower parts of the titration curves, as is evident from Fig. 1. It is evidently due 
to the presence of the highly protogenic C,H,OH,” ion in the solution, formed by 
the proton-transfer reaction between the free acid and the phenol molecule, i.e. 


HA + C,H,OH C,H;OH,* + A’. 


The neutralisation px is also lowered down by the addition of phenol, as is clearly 
seen from the family of curves in Fig. 1. The following table represents the neutrali- 
sation px for pyridine in the ethyleneglycol-phenol mixture with varying proportions 
of phenol. 


I 


% Phenol o 10 25 33 50 water 


Neutralisation px 1.85 1.75 1.70 1.45 1.35 315 


In the titration of aniline and pyridine against perchloric acid, it has been observed 
that the apparent px values after the equivalence point are much lower than those 
obtained in the case of hydrochloric acid. It clearly shows in a qualitative way that 
the former is much stronger an acid than the latter in phenol. 


Diethylamine, triethylamine and ammonia appear to be of nearly of the same 
strength in the glycol-phenol mixture (1:1) due to the levelling effect of the solvent, 
as is evident in a qualitative way from the neutralisation px values for the bases 
(diethylamine = 5.7, triethylamine = 5.7 and ammonia = 5.6) read from the curves 
A, B and C in Fig. 4. 
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INTERFACIAL TENSION AND COMPLEXING TENDENCY OF 
METAL CHLORIDES AND NITRATES. AUTOCOMPLEX 
FORMATION AND IONISATION CHANGES IN SALT 

SOLUTIONS 


By Hemiata Kazi 


Seven complexes are observed in mixed solutions of lead or beryllium chloride and alkali chloride, 
except lithium chloride with which six complexes are formed, irrespective of change in salt concentra- 
tion. Beryllium and thorium chloride each forms seven complexes with lead, zinc, calcium, barium, 
strontium and mercuric chloride and five complexes with cadmium, magnesium, cobalt, copper and 
nickel chloride in their mixed solutions. Complex formation between silver, alkali, zinc, alaminium, 
chromium nitrates and alkali nitrates, among cerium, aluminium, chromium nitrates, among trivalent 
and bivalent nitrates of barium, cadmium, zinc and lead and also between thorium and beryllium 
nitrates has been examined. Complex-ion formation is evident in the sclutions of cobalt, nickel, lead 
chloride, mercuric chloride and bromide, but not in those of cadmium bromide, zinc and alkaline 
earth chlorides. 


In an earlier communication Desai (this Journal, 1954, 31, 957) reported the com- 
plexing capacity of different cations among metal chlorides excepting those of beryllium 
and thorium. Beryllium cation, because of its small size and high nuclear charge, and 
thorium, of its larg> cation charge, should possess high complexing power in the mixed 
solutions of other metal salts (cf. Hemlata Kazi, this Journal, 1954, 31, 763). ‘This inves- 
tigation was undertaken to study the nature and number of complexes formed between 
beryllium, lead or thorium chloride and other metal chlorides in their mixed solutions. 
The tendency of complex formation between alkali nitrates and bivalent nitrates, 
cerium or thorium nitrate was reported previously (loc.cit.). ‘This work further includes 
such complex formation between monovalent nitrates, zinc, aluminium, chromium and 
other nitrates. 

The colour changes of aqueous cupric chloride on dilution were first attributed to 
the progressive solvation and then to the formation and dissociation of complex ions 
(Wiederman, Brit. Assoc. Rep., 1887, p. 364 ; Donnan and Basset, J. Chem. Soc., 1902, 
81, 939; Bhagvat, this Journal, 1940, 17, 52; Yajnik et ai., ibid., 1942, 19, 356). 
Five peaks, obtained by plotting interfacial tension of aqueous cupric chloride against 
solute concentration, were explained by Desai and Kazi (this Journal, 1954, 84, 418) 
on the basis of the formation and dissociation of complex anions due to autocomplexing : 


Cu’** (CuCl,;).~ Cu?’ (CuCl,)?~ 
Cu** (CuCl,-), = + Cu*'(CuCl,)*- = + = Cu** + 
Cu** + 2Ci~ 


Such interfacial tension measurements were carried out with cobalt and nickel 
chlorides, which might be expected to show such minima and maxima in interfacial 
tension values with change in concentration. By means of these measurements, ionisa- 
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in a 50 or 100 c.¢. 


(graphs not shown). 
of Tables I-III. 


Conc, (M/). 


25 


30 
60 
100 


25 to 100 


2/25 


[a=A.4 B, b=A.3 B, c=A. 2B, d=A B, c=2A.B, f=3A.B, g=4A.B]. 


BeCly 


Salt A. 


100 c.c, as the case might be. 


The salts used were of standard quality. 


tension against n-butyl or isoamy]l atetate. 
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ExPERIMENTAL 


tion changes in solutions of mercuric chloride and bromide, cadmium bromide, lead, bar- 
ium, strontium, calcium and zinc chlorides were studied with change in concentration, 


A solution of salt B (12 ¢.c.) was taken 
flask and different volumes of tiie solutions of salt A of the same 
concentration as that of B were added to it and the total volume was made up to 50 or 
Thus, a series of mixed solutions was prepared by the 
monovariation method from each of the pairs of stock solutions for measuring interfacial 
The peaks, obtained by plotting the tension 
values against the respective volumes of the variant A, indicate complex formation 


The compositions of these complexes are shown in the last column 


Salt B. 


PbCly 
ZnCl 
CdCl, 
MgCl 
HgCl, 
Srcl, 
CaCl, 
BaCl 
CoCle 
CuCl, 
NiCl, 
ZnCly 
ThCl, 
ThCh 


Salt A 
PbCl, 


Peaks corresp. to. 


a,b,c,d,e,f,g 
a,b,c,d,e,f,¢ 
a,b,c,d,e,-,- 
a,b c,d,e,f,g 
a,b,c,d,e,-,- 
a,b,c,d,¢,f,g 
a,b,c,d,e,f,g 
a,b,c,d,e,f,g 
a,b,c,d.e,-,+ 
a,b,c.d,e,-,- 
a,b,c,d,e,-.- 
a,b,c,d,e,f,g 
a,b,c,d,e,f,g 
a,b,c,d,e,f,g 


TABLE I 


Salt B. 


KCl cr NH,CI 


or NaCl 


LiCl 


KCl or NH,Cl 


or NaCl 


IT 


50-100 


50-100 


59-100 
6-100 
100 
80-100 
100 


60-120 


go 
8> 

100 
50-100 


50-100 


Conc. (M/). 


50-100 


Salt A. 


NaCl 
NH,Cl 
CdCly 
MgCle 
ZnCly 
PbCl, 
CoCl, 
CuCl, 
NiClg 
HgCl, 
SrCle 
CaCl, 
BaCl, 


[a=A.4B, b=A 3 B, c=A. 2B, d=2A.3 B, e=A.B, f=3 A.2B, g=2 A.B]. 


ThCl, 
Thc, 
ThCh 
Thc 
ThCh 
ThCh 
ThCh 
ThCl, 
ThCh, 
Thc 
ThCh, 
ThCl, 


Complexes. 


a,b,c,d,”,f,g 


a,b,c,d,e,f,g 
a,b,c,d,e,f,g 
a,b,c,d,e,f,g 
a,-,c,d,e.f,g 

a,b,c,d,e,f,g 


a,b,c,d,e,f,¢ 
a,b,c,d,e,f,g 
a,-,c,d,e,f,¢ 
a,-,c,d,e,f,g 
a,-,c,d,e,f,g 


Silt B Peaks corresp. to. 


a,b,c,.,e,f,g 
a,b,c,d,e,f,g 
-,-,¢,d,e,f,¢ 
-,-,¢,d,e,f, 
a,b,c,d,e,f,g 
a,b,c,d,e,f,g 
a,b,c,d,e,f,g 
-,-,¢,4,e, 
-,»¢.d,e,f,g 
a,b c,d,e,f,g 
a,b c,d,e,f,g 
a,b,c,d,e,f,g 
a,b,c, d,e,f,g 
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III 
[a=A. 4B, b=A. 3B, c=A. 2B, d=A. B, e=2A.B, f=3A.B, g=4A.B] 


Cone. (M/), Salt A. Salt B Peaks correspond to. 


30 NaNO; KNO; or LiNO; or NHyNO3 d 

30 LiNO; KNO; or NH,NO; dad 
300 KNO, LiNO; or NH,NO d 
300 AgNO; LiNO; or NaNO; NHyNO; d 

20 Zn(NO3)9 KNO; or NaNO; or NHyNO, a,c,d 

100 LiNO; a,c,d 

20 -,¢,d 

50 Al KNO, or NH4NO; or NaNO; a,b,c,d 
100 LiNO; a,b,c,d 

10 -,b,-,d 

50 Cr (NOg)3 KNO,; or NH4NO; or NaNO; a,b,c,d 

100 LiNO; a.b,c,d 

Io ” ” -,b,-,d 

1co AI(NO3)3 Ce (NO»)s a,b,c,d 

100 Cr(NO3)3 a,b,c,d 
100 Al (NO3); a,b,c,d,e,f,g 
100 BetNOs3)g Th (NO3)4 a,b,c,d e,f,g 
100 Zn(NO3)¢ Ce (NO 3); 
100 RBa(NO3)¢ 
100 Pb(NO3)9 6,2 


DISCUSSION 


Seven complexes (a,b,c,d,e,f,g) are observed for each of the series of mixed salt 
solutions of lead or beryllium chloride and potassium, sodium or ammonium chloride ; 
while six complexes a,c,d,e,f,g) are only evident with such solutions of lead or beryllium 
and lithium chloride (vide Table I). Thus, with lead or beryllium chloride — alkali 
chloride systems, the number and nature of available complexes do not vary with 
change in salt concentrations in contrast with such systems of mercuric chloride or 
bromide, copper or cobalt chloride and alkaline earth chlorides (this Journal, 1953, 
80, 426, 873; 1954, 31, 320, 415). 

The formation of seven complexes (a,b,c,d,e,f,g) is evident between beryllium or 
thorium chloride,and mercuric, lead, zinc, calcium, strontium or barium chloride each 
in their mixed solutions ; while cadmium, magnesium, copper, cobalt or nickel chloride 
forms only five complexes (a,b,c,d,e) with beryllium chloride and also similar five com- 
plexes (c,d,e,f,z) with thorium chloride, only the varient being different in the latter 
system (vide Table II). It may be pointed out that beryllium nitrate and thorium 
nitrate each forms with alkali nitrates seven complexes of similar molecular compositions 
(a,b,c,d,e,f,g ; cf. Hemlata Kazi, loc.cit.); thorium chloride also forms such seven com- 
plexes with alkali chloride, but the seven complexes formed with beryllium chloride 
are not similar to those formed with thorium chloride — (1) A.4B, (2) A. 3B, (3) A.2B, 
(4) 2A.3B, (5) A.B, (6) 3 A. 2B, (7) 2 A.B. (vide Table I). 
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The results of metal nitrates indicate that silver and alkali nitrates form only one 
complex (d) amoug themselves, while zinc nitrate and nitrates of aluminium and chro- 
mium form three (a,c,d) and four (a,b,c,d) complexes respectively with alkali nitrates, 
except lithium nitrate with which number of complexes formed varies from three to 
two (c,d) with zinc nitrate, and four to two (b,d) with trivalent nitrates, with change in 
salt concentration (vide Table III). Aluminium nitrate forms seven complexes 
(a,b,c,d,e,f, g) with chromium nitrate, but both these nitrates indicate only four com- 
plexes (a,b,c,d), when mixed with cerium nitrate. Cerium nitrate shows the formation 
of four complexes (d,e,f,g) with nitrate of lead, zinc, cadmium or barium. Such 
a behaviour is also shown by aluminium nitrate when mixed with lead nitrate. ‘Thorium 
nitrate indicates seven complexes (a,b,c,d,e,f,g) when mixed with beryllium nitrate. 


The problem of complexing among different chlorides and nitrates may be related 
to ion polarisation. When ions approach each other, the attraction of the cation for the 
electron atmosphere of the anion and the simultaneous repulsion of the nucleus of the 
anion result in the deformation of the anion. The cation would be similarly polarised 
by the anion. The complexing tendency will be greater for ions of smaller radius and 
those of higher valency. 

The interfacial tension values of aqueous cobalt and nickel chlorides at different 
concentrations varying from 1.5 M to M/100,000 were measured agaiust n-butyl acetate 
and, when plotted against the concentrations of the solute, show five peaks (Fig. 1) at 
concentrations 1.2 M, 0.7 M, 0.25 M, 0.008 M and 0.0005 M of cobalt and nickel chlori- 
des. ‘The formation and dissociation of complex anions in cobalt and nickel chloride 
solutions due to autocomplexing account for the peaks in tension values in a manner 
analogous to that of cupric chloride (loc,cit.), 
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The tension-concentration curves of lead, mercuric, zinc halides etc., obtained with 
isoamyl acetate (vide Fig. 2), pass through a sharp depression at 0.05 x 107? M and then 
rise showing a maximum at 0.5 10~* M in all cases, Thereafter, there is a decrease in 
tension with increase in concentration of salts, except lead chloride, mercuric chloride and 
bromide, which show a second maximum at 5.0X10~° M. The curves, obtained with 
n-butyl acetate (not shown), however, indicate the second peak at 7.0x 107* M, the posi- ‘ 
tion of the maximum shifting with different liquids (cf. this Journal, 1954, 31, 636). 
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The first peak is indicative of the salt ionisation in the following tanner : 


MX* + 
MX, = 


M** X~ 


these ions forming the electrical double layer at the interface. Since only one peak is 
evident with zinc, alkaline earth halides and cadmium bromide, ionic species, likely to 
be present in these salt solutions, are M**, MX* and X~. The second peak, observed 
with lead and mercuric halides, indicates change in ionisation due to complex-ion forma- 
tion in the following manner : 

MX, + X* = MX;~ 

MX, + 2 = 


Hence, the ions present in extremely dilute solutions of lead and mercuric halides are 
M**, MX* and X™, but with increase in salt concentration the complex ions MX;~ and 
MX,°~ should be also present along with other ions in solution (cf. this Journal 1954, 
81, 638) as in the case of cadmium iodide solution in which both CdI,;~ and CdI,’~ are 
supposed to be present (cf. Riley and Gallafant, J. Chem, Soc., 1932, 522). 

The author thanks Dr. C. M. Desai for his keen interest in the work and the College 


authority for facilities. 
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INTERACTION OF HYDROXYACETOPHENONES AND THEIR 
DERIVATIVES AND THIONYL CHLORIDE IN PRESENCE 
OF FINELY DIVIDED COPPER. PART IX. PREPARATION 

OF 3: 3’-DIACETYL-4: 4’-DIHYDROXY-6: 6’-DIMETHYL- 
DIPHENYL SULPHIDE AND 3: 3’-DIACETYL-4 :4’- 
DIMETHYL-6: 6’-DIHYDROXY- DIPHENYL 
SULPHIDE AND THEIR DERIVATIVES 


By V. G. KuLKarNni AND G. V. JADHAV 


Preparation of 3:3’-diacetyl-4:4’-dihydroxy-6 :6'-dimethyldipheny!] sulphide (I) and 3 :3’-diacetvl- 
4:4'-dimethy1-6 :6’-dihydroxydipheny] sulphide (II) is described. Bromination furnishes the correspond- 
ing dibromo sulphides which on nitration yield 2-bromo-3-methyl-4 :6-dinitrophenol. Nitration of both 
the sulphides affords 2 : 4: 6-trinitro-3-methylphenol as the final product, but in the case of the sulphide 
(II) dinitrosulphide and 2-methyl-3:5-dinitro-4-hydroxy-acetophenone have also been isolated under 
suitable experimental conditions. 


The present work is the continuation of Part VII (this Journal, 1956, 38, 266). 
The sulphides (I) and (II) are obtained when 2-hydroxy-4-methylacetophenone (6-acety]- 
m-cresol) and 4-hydroxy - 6 - methylacetophenone (4- acetyl - m-cresal) are allowed 
to react with thionyl chloride in presence of copper or with sulphur dichloride or sulphur 
monochloride. Vigorous nitration of both yields 2:4 : 6-trinitro-3-methylphenol, and 
hence, no definite conclusion can be drawn about the constitution of the sulphides. 


Bromination of (I) furnishes a compound which cannot be crystallised, but by 
the action of nitric acid on it 2-bromo-3-methyl-4 :6-dinitrophenol is obtained. 2; 4-Di- 
nitrophenylhydrazone of the bromination product can be obtained which shows the 
presence of sulphur also, Out of the two nitro groups in the final bromonitrocresol, 
one must have come in place of the original acetyl group and the other in place of the 
sulphur atom joining the two nuclei. ‘The sulphide (I) is therefore assigned the constitu- 
tion 3: 3’-diacetyl-4 : 4’-dihydroxy-6: 6’-dimethyldiphenyl sulphide. When the action 
of nitric acid alone is carried out on ketone (II), the 3 : 3’-diacetyl-4 : 4’-dimethyl-5: 5’-di- 
nitro-6; 6’-dihydroxydiphenyl sulphide (III) is obtained, but when it is treated with 

nitric acid in presence of sulphuric acid, 2-methyl-3: 5-dinitro-4-hydroxy-acetophenone 
(IV) is obtained. Nitration of (II) in presence of sulphuric acid and at higher 
temperature affords 2:4: 6-trinitro-3-methylphenol (2: 4: 6-trinitro-m-cresol). 2: 4-Di- 
niitrophenylhydrazones of both (III) and (IV) have been prepared. 

As nitration is not useful in proving the constitution of the sulphide (I), its 
bromination has been carried out in presence of acetic acid which yields dibromo sulphide 
(V), the latter affording the 2 : 4-dinitrophenylhydrazone derivative. The sulphide (V) 
furnishes on nitration in presence of sulphuric acid, 2-bromo-3-methyl-4 : 6-dinitrophenol. 
One of these nitro groups has come in place of the acetyl group and the other in place 
of the sulphur atom linking the two nuclei. The position of the acetyl group is fixed 
and is at 4 with regard to the -OH group, and hence, the two nuclei must have been 
linked in the position-6 with regard to the -OH group. The sulphide (V) is therefore 
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assigned the constitution 3 : 3'-diacetyl-4 : 4’-dimethyl-5 : 5’-dibromo-6 : 6’-dibydroxydi- 
phenyl sulphide. The sulphide (II) should therefore be 3 :3’-diacetyl-4 :4’-dimethyl- 
6: :6’-dihydroxydipheny] sulphide. 


EXPERIMENTAL 


Diacetylea : :6'- dimethyldiphenyl Sulphide —This was pre- 
pared by shaking for 2 hours the mixture of .2-hydroxy-4-methylacetophenone (6-acetyl- 
m-cresol) (3 c.c.) and thionyl chloride (3 c.c.) and adding gradually copper powder (2 g.) 
to it, and leaving the reaction mixture overnight at room temperature. It was then 
extracted with dry chloroform. The pasty mass left after removal of the solvent was 
again dissolved in chloroform and again the solvent was removed, when a reddish brown 
paste .was left behind. It solidified on boiling with water for some time. Finally 
a yellowish solid was obtained from alcohol, m.p. ro0-r0r°,. (Found: C, 65.4; H, 6.73 
S;.0.8. requires C, 65.5 ; H, 5.5; S, 9.7 per cent), 

It is very soluble in chloroform and benzene, fairly so in carbon tetrachioride, ether 
and acetone, and sparingly in alcohol. 

The same sulphide (I) was also prepared by the interaction of the ketone (2 c.c.) 
and sulphur dichloride (3 ¢.c.) directly or in presence of chloroform (10 ¢.c.) or sulphur 
monochloride (2 c.c.), allowing the reaction to proceed overnight at room temperature. 


' The diacetoxy derivative of (I) was prepared by acetylating it with acetic anhydride 
in presence of pyridine, and crystallised from alcohol, m.p. ror® Wecomp.). (Found > 
S, 7.7: Co2H220.8 requires S, 7.3 per cent). 

2 :4-Dinitrophenylhydrazone of (I) crystallised from benzene, m.p. 124-25°: (Found: 

S, 4.8. Cs3c>H2eOjoN.S requires S, 4.6 per cent). 

2:4:6°Trinitro-3-methylphenol (2:4 :6-trinitro-m-cresol).—The sulphide rg.) 
was dissolved in H,SO, (15 c.c.) and fuming nitric acid (7 c.c.) was gtadually added 
to it when a vigorous reaction took place. After about an hour, the mixture was 


poured over crushed ice when sticky mass separated which was filtered. The filtrate 
on Standing overnight furnished a yellowish solid which crystallised from alcohol, 
m.p. 108-109". No lowering in melting point was observed when mixed with a 
genuine specimen. 

2:Bromo-3-methyl-4 :6-dinitroplvenol (2-bromo-4 :6-dinitro-m-cresol),—The solution 
of the. sulphide (I, 1g.) in chloroform (20 c.c.) was treated with an excess of 20% 
bromine solution and the mixture was left overnight at room -temperature, On removal 
of chloroform a red paste was obtained which could not be crystallised from any solvent. 
It.--was therefore treated with HNO, (conc.) in presence of H,SO, at room temperature 
and then diluted. The yellow solid obtained was crystallised from alcohol, m.p. 104~ 
105°. (Found: Br, 28.9. Cale. for C;,H,O;N,Br; Br, 28.8 per cent), Mixed m. Pe, 
with the genuine specimen prepared by bromination in chloroform solution of 4 :6-dinitro- 
m-cresol ({m.p.. 60°). from 6-nitro-m-cresol (—OH = 1) remained undepressed.. Gibbs 
and Robertson ( J. Chem. Soc,, 1914, 105, 1889) record m.p. 104- 105°. 
of the pasty bromo derivative of (I)- bad m.p. 90° 
(Bosind S,'3.6; requires S,. 3.8 pér cent), 
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3: 3’-Diacetyl=4 : 4’-dimethyl-6 : 6'-dihydroxydiphenyl sulphide (II) ‘was prepared 
in the same way as. the sulphide (I), described above. The substance obtained from 
the chloroform solution was, however, extracted with alcohol ‘and the dark- brown 
paste obtained from alcoholic extract was boiled: with water for some time when a 
brown solid was -obtained. It was crystallised from alcohol, m. p. 105-106°.” (Found’ 
C,65.8; H, 5.2; $,9.0. CysH,s0,S requires C; ; H, 5.5; §,'9.7 per 


This. same sulphide (II) was also obtained by using sulphur dichloride or r sulphur 
monochloride and the ketone as in the case of (I). 


; The diacetoxy derivative of (II) was prepared by acetylating (II) as in the case of 
the diacetoxy derivative of (I). It crystallised from acetic acid, m.p. 98-09°. (Found: 
S, 7.6. C22H2.0,S requires S, 7.3 per cent). 


2:4-Dinitrophenylhydrazone of (II) was crystallised from acetic acid, m.p. 125- 
26°. (Found: S, 4.7. CsoH2.O.0N.S requires S, 4.6 per cent). 


5:5’"Dinitro derivative of (II) i.e. (III) was obtained when (II, 1 g.) was gradually 
added to HNO, (conc., 20 ¢.c.) and the mixture heated on a boiling water-bath for 
half an hour. The yellow solid obtained on dilution was extracted with carbon disul- 
phide and the insoluble residue was crystallised from acetic acid, m.p. 150-51°. (Found: 
S, 7.4. CisH:,0,N,S requires S, 7.6 per cent). 


The 2:4-dinitrophenylhydrazone of (IIT) was crystallised from acetic acid, m.p. 
137-38°. (Found: S, 3.9. CsoH2,0,,Ni0S requires S, 4.1 per cent). 


2-Methyl-3 : 5-dinitro-4-hydroxy-acetophenone (IV).—The sulphide (II) or (III) 
(1 g.) was gradually added to the mixture of H,SO, (20 c.c.) and HNO, (15 ¢.c.) and 
the reaction mixture was allowed to stand overnight at room temperature. The product 
obtained on dilution was crystallised from acetiz: acid, m.p. 103-104°. (Found: N, 
11.5. C,HsO,N, requires N, 11.7 per cent). This was found identical with the product 
obtained from 4-acetyl-m-cresol (5 g.), dissolved in acetic acid (30 c.c.), by the action of 
nitric acid (3 c.c.), dissolved in acetic acid (20 c.c.), on it and heating the mixture on a 
boiling water-bath for some time. 

2:4-Dinitrophenylhydrazone of (IV) melted 120-21°. (Found:N, 19.6. 
requires N, 20.0 per cent). 


When nitration of (II) was carried out in presence of H,SO, by heating the mixture 
ona boiling water-bath for 3 hours, 2: 4: 6-trinitro-3-methylphenol, m.p. 108-109° was 
obtained. 

5: 5’-Dibromo derivative of (II) i. e. (V) was prepared from (II, 0.5°g.), suspended 
in acetic acid (20 c.c.), by the action of 5% bromine solution in acetic acid (25 c.c.) on 
it. The mixture was heated on a boiling water-bath for a few minutes and left over- 
night at room temperature. The product obtained on dilution crystallised from acetic 
acid, m.p. 190-91°. (Found: S, 6.5. C,sH,.0,Br.S requires S, 6.6 per cent). 


° 


2:4-Dinitrophenylhydrazone of (V) crystallised from acetic acid, m. p. 130 
(decomp.). (Found: S, 3.9. CscoH..4O,.NsBr.S requires S, 3.8 per cent). 


| 
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2-Bromo-3-methyl-4 :6-dinitrophenol was formed when the sulphide (V, 0.05 g.} was 


mixed with H,SO, (20 c.c.), and HNO; (15 c.c.) was added to it. The reaction mixture 


was left overnight at room temperature. .The product obtained on dilution was crystal- 
lised from alcohol, m. p. 104-105°. It showed no lowering in melting point when 


mixed with the bromodinitro-m-cresol, obtained by the action of nitric acid in nd 


of sulphuric acid on the bromo derivative of (I), described before. 
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THE USE OF SOME THIOLACTIC ANILIDES IN INORGANIC ANALYSIS 


By R. N. Misra anv S. S. GuHA SIRCAR 


Six new thiolactic anilides were prepared and their usefulness in analysis was investigated, In 
most cases Ag, Pb, Hg', Hg , Cu™, Cd, Bi, Sb, Fe™, Ni, Co, Zn and molybdate were found to form 
complexes. Sensitivities for Ni and Co were found out. A nickel complex was analysed and found 
to contain two molecules of the reagent per atom of nickel. 


Some thioglycollanilides have been. used by us successfully in inorganic analysis 
(this Journal, 1955, 32, 127). In the present work some new thiolactic anilides have 
been prepared and studied for the same purpose, with the hope that this series of 
reagents may prove to be more sensitive and useful than the corresponding thioglycol- 
lanilides by virtue of their higher molecular dimensions, 


ExPERIMENTAL 


Thiolactic anilides were prepared in a manner analogous to the preparation of the 
thioglycollanilides (loc. cit.) Equimolecular proportions of an aromatic amine and 
thiolactic acid were mixed in a 1” x 6" test tube and heated in a glycerine-bath 
maintained at 110°-120° for about 2 to 2} hoursin a slow current of CO,. A solid was 
obtained when the melt was cooled or poured into a beaker of water. The lumps 
were crushed to powder in a mortar and washed with dilute HCl, and then with water 
to remove unchanged amine and thiolactic acid respectively. Further purification 
was made by repeated recrystallisations from dilute alcohol till the compound provided a 
constant melting point. They were then dried in a vacuum desiccator (H,SO,). 

The amines used in the present work are aniline, o- and p-toluidines, o-, m- and 
b-chloroanilines. Table J records the m.p., analytical data and some properties 
of the thiolactic anilides. 


TasLe I 


Serial Compound. M.P. % Sulphur. Nature of the 
No. Found. Cale. compounds. 
1. Thiolactic anilide. 93° 17.59 17.67 White crystal ; odourless ; 


sparingly soluble in 
water, soluble in cold 
alcohol, acetone, ether, 


benzene. 
2. Thiolactic o-tolnidide 122° 16.69 15.41 Do 
3- Thiolactic p- ,, 16.65 16.41 
.4- Thiolactic o-chloroanilide 15.09 14.85 ” 
5. Thiolactic m- ,, 83° 14.15 14.85 
6. Thiolactic p- ,, 115° 15 35 14.85 ° 


= 
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Use in Qualitative Analysis.—Ten drops of 1% alcoholic solution of a reagent 
was added to a test tube containing 2 c.c. of sodium acetate-acetic acid buffer of known 
du and § drops of molar salt solution. The resulting colour change or precipitation 
in cold or after heating on a water-bath was noted. In many cases the reagent itself 
came down due to dilution of the alcoholic solution, which was detected by disappear- 
ance of the precipitate in warm dilute alcohol. The salt solutions of Ag, Pb, Hyg’, 
He", Cu", Cd, Bi,- As, Sb, Sn", Fe, Al, Cr, Mo, Zn, Co, Ni, Ca, Ba, Sr, Mg, Li, 
Rb, Cs; Th, La, UO,*~, MoO,?~, WO," were used. Buffers of px 3.42, 4, 5 and 6 were 
prepared and used. For pa 7, water, and for px more than 7, a mixture of NH,Cl 
and NH,OH, where possible, were used. Coimiplete precipitation was qualitatively 
tested by digesting a salt solution with an excess of the reagent solution and testing 
for the absence of the cation or anion in the filtrate. The results of the tests are 
as follows. 


Thidlactic ‘anilide, at pu 3.42-7, gave white precipitate with Hg", Cd, yN Sn and 
Ag at pu 3.42-5 and Zn at px 4-7;. grey precipitate with Hg’; bluish violet with Cu, 
yellow with McO,’~ ; Ag at pu 5-7, Bi at px 5-7 and Pb at px 6-7; greyish brown 
precipitate with Co at px 5-7, and brown with Ni at px 5-7. All the complexes were 
insoluble in water, and except the Cd-complex all were insoluble in cold dilute 
HNO, or dilute acetic acid. The molybdate complex was colloidal and on heating 
became soluble, developing a ‘blue coloration probably due to reduction of Mo". 
Complete precipitation was noted in case of silver. Nickel and cobalt gave voluminous 
precipitate in ammoniacal medium, but the precipitation was found to ‘be incoxnplete 
ev en on digesting with a large excess of the reageut, 


: Thiolactic 0-toluidide, at pa 3.42-7, gavé white precipitate with Hg", Cd, As, Sh,’ 
Sn and with Zn at ps 5-6; yellow precipitate with Ag, Pb at pu 5-7, Bi at px 4-6, and 
MoO,’" at- pu 43 grey precipitate with Hg', and Cu at ps 3.42-4 and 7; greyish 


Violet with Cu at fx 5-6 and brown with Co and Ni at px 5-6 and in ammoniacal 
solution. Molybdate gave a blue coloration at pi 5-7 on long standing. A temporary 


blue colour was observed with Fe at pa 3.42-7 which quickly disappeared producing. 


a white precipitate. ‘The solubilities of the complexes resembled those of the 
corresponding complexes with thiolactic anilide. The iron complex (white) was solubie 
in dilute HCl or HNO; producing yellow solutions. Silver was completely precipitated 
from the solution at px 4. 


Thiolactic p-toluidide, at pa 3.42-7, gave white precipitates with. Pb, Hg™, Cd, 
Sb ; yellow with Bi, MoO,”~, Ag at pa 4-7; grey with Hg', Cu at pa 3 42; greyish violet 
wilh Cu at fx 4-7; greyish brown with Co at ps 5-7 and in ammoniacai solution ; 
and brown with Ni at px 5-7 and in ammoniacal solution. With Fe, a temporary 
blue colour was observed at pa 3.42-4 and 7, while at px 5-6 a reddish brown colour 
was obtained on addition of excess of the reagent ‘solution. ‘The solubilities of the 
precipitates -were similar to the corresponding precipitates with the ahove reagent, 
Conpinte precipitation was noted in case of Ag, Cu and Bi at pu 4. . 


Thiolactic o-chloroanilide, at pu 3.42-7, gave white precipitate with He" , Cd, Sb 


th 
ad 


at 
gi 
th 
A 
Vi 
ni 
| ol 
ce 
| al 
Ww 
th 
la 
T 
al 


USE OF SOME THIOLACTIC ANILIDES IN INORGANIC ANALYSIS 525 


and Za at px 5-7 ; yellow with Ag and Pb at pu 5-6, MoQ,’~ and Bi at pa 3 42-43 
greyish violet with Cu; and at fx 5-7-and in ammoniacal solution brown precipitate 
with Niand Co. The colour of the nickel complex was more deep than. that of the 
cobalt complex. The behaviour of the Fe and nature of the other complexes resemble 
those of the corresponding complexes of the above reagents: 


Thiolactic m-chloroanilide, at Pua 3 42-7, gave white precipitate with Ag, Pb, Hg™ > 
Cd, As, Sb and Zn at px 4-7; yellow with MoO,2-, Biat pa 3-42-4; grey, with Hg"; 
greyish violet with Cu; and at pa 5-6 and in ammoniacal solution greyish brown 
with Co and brown with Ni. ‘The complex of Fe and other complexes resembled 
those with the above reagents. Complete precipitatién of Ag and Hg" became 
apparant. | 

Thiolactic p-chloroanilide, at pu 3:42-7, gave white precipitate with Ag, Hg", Cd, 
As, Sb ; yellow with MoO,?-, Pb at px 3. 42-4, Bi at pa 3. 42- 4; grey with Hg‘; greyish 
violet with Cu; brown with Co at px 4-7; dark brown with Ni at bu 5-7. In ammo- 
niacal solution a deep brown precipitate with Co and pink coloration with Ni were 
observed. The behaviour of Fe and nature of the other complexes resembled the 
corresponding complexes of the above reagents. The precipitation with Ag and Hg" 
appeared complete but the silver complex turned black on heating or keeping. 


Sensitivity Tests.—Sensitivity tests for ‘cobalt and nickel were made using the 
above thiolactic anilides. ,Tests for. cobalt was carried out in ammoniacal solutions, 
while that for nickel was made in presence of a little of sodium acetate in which case 
the reagents were found to be more sensitive. ‘The results are shown in Table II. 


II 
Reagent No. 2. 3- 4. 6. 
For Co, 
1:108 1:108 1:108 r:108 1:103 r:108 
1.:105°3 1:10°°3 1:1053 121053 
For Ni. 
PL r:1ot 1:104 r:tof r:104 
1:10° 1:10°°6 1:10°3 1:105°3 1:10° 1:105°3 


PL, stands for ‘precipitation limit’, and CL, for ‘coloration limit’. 


On comparing the above results with those obtained with the thioglycollanilides 
(loc. cit.) it is seen that thiolactic anilides are more sensitive for nickel than thioglycol- 
lanilides. This probably is due to the presence of a-methyl group in the ring of chelation. 
Thus it opens up the possibility for the present series’ of reagents to be useful in the 
analysis of nickel. 


Composition of Nickel Complexes.—The composition of the nickel complex of 
thiolactic o-toluidide was determined as follows. The complex was prepared by slow 
addition of an alcoholic solution of the reagent with stirring to a dilute solution of 
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NiSO, containing sodium acetafe and acetic acid, just sufficient for a weak aCidifi- 
cation. The mixture was digested on a water-bath for about an hour, filteréd, and the 
precipitate washed well with hot water and then with alcohol to remove any excess 
of the reagent. The complex was dried in vacuum over H,SOQ,. A known 
amount of the complex was ignited to NiO in a porcelain crucible from which the 
percentage of nickel was found to be 13.15% against the. calculated value of 13.14% 
assuming Ni: reagent as 1 :2 in the molecule of the complex. The probable structure 
for the complex, taking co-ordination number for Ni to be 4, is therefore : 


(M.W., 446.7). 


Other nickel complexes would have similar structures as they belong to the same group. 
The authors are thankful to the Council of Scientific and Industrial Reséarch, 
Govt. of India for supporting this research with a research scholarship to one of 


them (R.N.M.). 


MAvURBHANJ CHEMICAL LABORATORY, 
RAVENSHAW COLLEGE, Received December 30, 1955 


CUTTACK-3. 


526 
S——CH 
N——C=0 
] 
u 


|Jonr. Indian Chem. Soc., Vol, 33, No.7, 156] 


~ BROMINATION OF 2-AMINOTHIAZOLES AND THEIR USE AS POSSIBLE: 
FUNGICIDES AND BACTERICIDES 


By G. N. MAHAPATRA 


': Seventecn different 4-aryl-substituted 2-aminothiazoles have been synthesised and brominated. The 
position of the bromine atom has been ascertained to be at the 5th carbon atom of the thiazole nucleus. 
The fungicidal and the bactericidal properties of these monobromothiazoles have also been studied 


with promising results. : 

In view of the good ‘response of 2-amino-4-arylthiazoles and their derivatives .as 
-antibacterials (Yoshio et al., J. Pharm. Soc. Japan, 1951, 71 709) and as good fungicides 
(Schinitt, Contribs. Boyce Thompson Inst., 1951, 16, 261), it was considered -worthwhile 
‘to examine the fungicidal properties of a few more 2-amino-4-arylthiazoles and their 
derivatives. ‘The presence of lipophilic and polar substituents like aryl and amino groups 
jn-the thiazole nucleus, as found: here, is expected to augment the fungitoxic properties 
still further (Horsfall and Rich, ibid., 1951, 16, 313). . : 

Introduction of halogens, particularly brothine, into the thiazole nucleus is expected 
to increase the Lactericidal and fungicidal properties of the thiazole compound consider- 
ably tef. Rout and Mahapatra, J. Amer. Chem. Soc., 1955, 17, 2427): 

2-Amino+4-arylthiazoles have been synthesised by the method of King and Hlavacek 
(ibid., 1950, 72, 3722) by condensing nineteen different aryl-methyl and haloge- 
nated aralkyl methyl ketones with thiourea in presence of iodine. Out of 
these ketones, there were two unsaturated and two brominated ketones like benzylidene- 
and anisylidene- -acetone and their respective dibromides. These two unsaturated 
ketones on condetsation with thiourea in presence of iodine afforded thiazoles which 
did not contain unsaturation, as each of these failed to absorb two bromine atoms. 
The disappearance of unsaturation may be ascribed to the additive and reducing pro- 
perties of the hydricdic acid formed during the reaction, which in the first stage adds 
up at the double bond and subsequently the iodo derivatives formed are further reduced 
by-the hydriodic acid to yield iodine-free saturated compounds. 


-C,H,—CH= =CH. OH HN C,.H;—CH =CH.C—N 
HCH 


Benzy lidene-acetone. I, HS Thiourea. 


HI 
Addition 


<-———. 


I 
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This assumpticn is supported by the work of Michio Kobayashi, who obtained a 
reduction of the carbon-carbon double bond with HBr in a similar way, assumed above 
(J. Chem. Soc. Japan, 1949, 70, 326). As HI is similar to HBr and a stronger reducing 
agent, there is every reason to believe that the reaction takes the above course. 


Similarly, when benzylidene- and anisylidene-acetone dibromides were condensed with 
thicurea in presence of iodine, no dibromo-2-aminothiazoles could be separated due to the 
labile nature of the bromine atoms in the dibromoketone inolecule. These ketones yielded 
the same saturated bromine-free thiazoles as obtained in case of benzylidene- and 
anislyidene-acetone respectively. The unsaturated ketone dibromides in the reaction 
medium undergo decomposition by liberating two atoms of bromine and the liberated 
unsaturated ketones then undergo condensation with thiourea in the above manner to 
furnish the same saturated thiazoles, free from bromine. 

These aminothiazoles were then brominated with bromine in both acetic acid 
and chloroform medium, after protecting the amino groups by converting them either 
to the hydrobromide salts or by acetylating them. In each case a monobromo 
derivative resulted. 


C,H;—CH. N H C,H;— CH 2—CH N H 
HC C—NH, BrC; .,C—NH, 
Br Br 
s—CH 2—CH,;— C— N 
NH,.0H i I 
BrC C—NH;, 


It has been assumed that the bromine atom is attached to the thiazole nucleus at C; 
as the activity of C; in the thiazole nucleus is maximum, particularly when there is a 
substitution at C, (Ochiai and Kashida, J. Pharm. Soc, Japan, 1942, 62, 97). This 
assumption is further based on the evidences of Garreau (Societe generaled’ applications, 
therepeutiques, Theraplex-Fr. 959, 908, April 6,1950; Chem. Abst., 1052, 46, 5619) 
and Ganapathi and Venkataraman (Proc. Ind. Acad. Sci., 1945, 22A, 355). As in the 
present series of thiazoles, the’ 4-position is occupied with aryl groups and the 5- 
position is free ; the bromine atom should enter the position-5, which generally acts as 
the para carbon atom tothe NH, group, the orienting group in the molecule. This 
assumption is further supported by the fact that the brominated thiazoles do not undergo 
coupling with diazotised aniline, which gerierally takes place at position-5-, if it is free 
(Beyer and Wolter, Chem. Ber., 1952, 86, 1077; Ganapathi and Venkataraman, 
loc, cit., p. 348). The possibility of bromine atom going to the aromatic part carrying 
an amino or hydroxy group at the C, is also discarded on the ground that the bromi- 
nated compounds do not undergo coupling with diazotised aniline as they should, if 
bromine would have entered the phenyl nucleus at C,. This inability shows indirectly 
that the position-5 of the thiazole nucleus is not free. This, on the other hand, con- 
firms that the bromine does not enter the pheny] nucleus at C,, but does enter the 
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thiazole nucleus at C;. This assumption gains further support from the fact that due to 
the polar effect of the substituents at C, and C, of a heterocyclic compound like thiazole, 
the newly entering bromine atom generally attaches to C; (Takeda etal., J. Pharm. 
Soc. Japan, 1947« 67, 193) which is free. 

The final confirmation of the position of the bromine atom at C; com: from the 
following observations. When these bromothiazoles are refluxed for 8 hours with HCl 
{rt : 3) and allyl alcohol, the original bromiue-free thiazoles are obtained, which are in 
strict accordance with the observations of Garreau (Compt. rend., 1950, 280, 448). 


Fungicidal tesis.—For fungicidal assay, the method of Montgomery and Moore 
(J. Pomol & Hort. Sci., 1938, 18, 253) with slight modification has been used. 
Alternaria brassicae (Berk) has been used as the test fungus. The bromothiazoles 
completely inhibited the spore germination at a concentration of 50 p.p.m.; at a con- 
centration of 40 p.p.m. the spore germination was only 15-20%. The unbrominated 
thiazoles inhibited the spore germination ata concentration of 80p.p.m. The details 
of the fungicidal tests will be published elsewhere. 


Bactericidal tests.—The Redeal-Walker serial drop dilution method was used for 
the comparative antibacterial study. ~The bactericidal activity was measured in terms 
of maxiinum effective dilution (M:E.D.) at 10 minutes’ contact. The test organisms 
were 24 hours’ culture of E. coli and Staphylococcus aureus, The unbrominated 
thiazoles showed an activity in maximum dilution 1: 1000 in case of E. coli and 1:8000 
in case of Staph. aureas, while the brominated ones were active in 1 : 2000 and 1 : 20,000 
dilutions respectively. The antibacterial data are shown in Table I. 


EXPERIMENTAL 


Benzylidene-acetone Dibromide.—Benzylidene-acetone ‘4 g.) was dissolved in 30 c.¢. 
of chloroform and stirred for some time. Bromine (5 g.), dissolved in 25 c.c. of chloro- 
form, was added dropwise to above and the mixture was stirred for another hour. 
Chloroform was then evaporated from the mixture and the solid was collected and 
kept overnight in a vacuum desiccator. It was crystallised finally from absolute alcohol 
as white, needle-shaped crystals having a pleasant smell similar to that of Indian 
Kkaskhas, m.p 122-23°, yield 85%. ‘Found: C, 39.78; H, 4.16; Br, §1.39. 
C,.H,,OBr, requires C, 39.21; H, 3.26; Br, 52.28 per cent). 

The compound is fairly stable at ordinary atmospheric pressure. The bromine 
atoms in the dibromide are labile as the aqueous extract of the solid affords a yellowish 
white precipitate of AgBr with AgNO,. 

‘Anisylidene-acetone Dibromide.—Anisylidene-acetone (4 g.) was brominated in the 
way described above. The solid crystallised from absolute alcohol, m.p. 107°, yield 65%. 
(Found : C, 38.53 ; H, 4.37; Br, 46.71. C.uH..0,Br, requires C, 39.28 ; H, 
3.57; Br, 47.62 per cent). The solid is very unstable in moist air and gradually 
loses bromine and becomes pasty. On treatment with water it liberates bromine ion, 
which is detected by its acidic reaction to litmus and affording a yellowish white precipi- 
tate with AgNQOs. 
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BROMINATION OF 2-AMINOTHIAZOLES, ETC. 531 


4-(8-Phenylethyl)-2-aminothiazoie—A mixture of benzylidene-acetone dibromide 
(3 g., 0.01 M), thiourea {0.02 M, 2 g.), iodine (0.01M, 2.5 g.) and dry benzene (25 c.c.) 
was heated for 30 hours on a steam-bath with reflux condenser. On completion of heat- 
ing the excess benzene was distilied off. The product was extracted with ether several 
times to remove unchanged iodine and dibromnketone. The residue was then dissolved 
in boiling water and filtered hot. The filtrate was cooled to some extent and basified 
with NH,OH (conc.). 4 - (8 Phenylethy]) - 2 - aminothiazole, free from bromine, was 
separated and crystallised from alcohol, 1i.p.go-91°, yield 65%. (Found: C, 64.13; 
H, 6.61; N, 13.13; S, 15.97. Cy,H,2N.S requires C, 64.70; H, 5.58; N, 13.72; 8, 15.68 
per cent), . 

Bromination of 4-(8 Phenylethyl}-2-aminothiazole.—The thiazole (2 g.) was treated 
with “HBr (cone.; 3 c.c.) and the hydrobromide salt was dissolved in 25 c.c, 
of glacial acetic acid; the mixture was stirred and well cooled under ice. 
Bromine (2 g.), dissolved in-25 c.c. of acetic acid, was added dropwise to above. The 
whole mixture was then stirred for another hour. The excess acetic acid was distilled 
under reduced. pressure and the residue was treated with water and basified with 
NH,OH (conc.). The free amino base liberated was crystallised f10m alcohol, m.p. 201° 
yield 70%. (Found: C, 45.78; H, 4.37; Br, 28.85 ; S, 11.89. C.,Hi:N,BrS requires 
C, 46.64;.H, 3.88; Br, 28.27; S 11.30 per cent)» , 

These 5-bromo-2-aminothiazoles have also been condensed with p-acetylamino- 
benzenesulphonyl chloride to form the respective bromosulphathiazoles, These com- 
pounds are being tested for their untibacterial, antifungal and antiprotozoal activities. 


The author is particularly grateful to Dr. M K. Rout, Ph.D., Reader in Scemeniegs 
Ravenshaw College, Cuttack, for his guidance and kind interest in the work 
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MONOHYDROX0O-TRICHLORO-ANTIMONITE COMPLEX 


By S. Panpa, Ch. B. NANDA AND S. 


The high solubility of antimony trichloride in water is due to the formation of monoaquo-trichloro 
antimony complex [SbClI; (H,O)1, which behaves as a monobasic acid. In the saturated aqueous solu- 
tion the reaction could not proceed to a very great extent due to the want of sufficient number of 
water molecules. A dioxan salt containing one molecule of dioxan, one of water and three chlorine 
atoms per atom of antimony has been prepared and analysed, and the constitution (I) assigned to it. 


The high solubility of antimony chloride ‘72 g. mols. of SbCl; at 20° in 100 g. mol. 
of water) according to Sidgwick (‘“The Chemical Elements and their Compounds”, 
1950, p. 793) is due to the complex formation. The addition of alkali chloride, preventing 
precipitation and at the same time reducing the acidity, supports the complex formation 
(cf. Sidgwick, loc.cit.), The nature of the complex is, however, not discussed. This 
work was undertaken to study the complexes present in saturated aqueous solution of 
antimony trichloride. 


The high solubility of antimony chloride in water is assumed to be due to the forme- 
tion of monoaquo-trichloro-antimony complex [SbCI, (H,O)]. Some aquo-complexes have 
been reported to dissociate into hydrogen ion and hydroxo-complex (Emeleus and 
Anderson, ‘‘Modern Aspects of Inorganic -Chemistry’’, 1038, p. 158; Pani et al., 

. this Journal, 1955, 32, 537, 572). It is assumed here that the above aquo-trichloro- 
antimony complex reacts as: 


[SbCI,(OH,)] + H,O = H,O* + [SbCl,OH]- we (t) 


As free proton cannot exist in the solution, water molecule is essential for the above 
reaction. Since the amount of free water in the saturated aqueous solution of antimony 
chloride is small, the above reaction will take place to a very small extent, and major 
portion of antimony in the solution will be present as aquo-trichloro-complex. ‘The solu- 
tion is, however, acidic to litmus and methyl orange. It is strange to mote 
that a red colour is developed when phenolphthalein is added to a saturated solution of 
antimony trichloride. This phenomenon might be due to some other reasons. The 
acidity of the solution might also be due to hydrolysis of antimony trichloride which 
appears to be less probable due to the foljowing reasons. Solid antimony oxide or 
oxychloride does not separate out from the saturated solutions. Addition of solid sodium 
hydroxide to a saturated solution of antimony chloride does not produce any change 
(sodium hydroxide most probably goes into solution very slowly but no precipitate is 
obtained). Solid silver nitrate, when added to the solution, remains unchanged. These 
observations clearly indicate the absence of hydrolysis; the existence of the aquo-tri- 
chloro and hydroxo-trichloro complexes appears to be more probable. 


~. 
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MONOHYDROXO-TRICHLORO-ANTIMONITE COMPLEX 


EXPERIMENTAL 


Dioxan ‘Compound.—A saturated aqueous solution of antimony chloride (72 g. 
mol,/100 g. mol.) was treated with an excess of dioxan, evolving large amount of 
heat, When the solution had cooled a white crystalline substance separated out. It was 
filtered, washed with dioxan, followed by ether, and dried over sulphuric acid in a vacuum 
desiccator, 


The compound is a white crystalline solid, stable in dry air. It melts at 123°, but 
decomposes above the melting point. It is hydrolysed by water. It is slightly soluble in 
ether and completely so in concentrated sulphuric acid. When a solution in sulphuric 
acid is heated, it turns black due to charring, and on further heating carbon dioxide is 
liberated. 


A known amount of the substance was dissolved in HCl and the antimony coutent 
was dete:mined by standaid potassium bromate solution. A known amount of the subs- 
tance was boiled with a known excess of standard NaOH solution and the excess 
alkali back-titrated using phenolphthaleiu as an indicator. The compound was completely 
decomposed by NaOH producing antimony oxide and sodium chloride. The chlorine 
content was calculated from the alkali required to decompose the substance (Lea 
and Wood, J. Chem Soc., 1934, 139). 


To confirm the results obtained aboves a known amount of the substance was _ boiled 
with excess of alkali, the resulting mixture was acidified with dilute nitric acid and then 
neutralised with calcium carbonate. It was filtered and the residue (antimony oxide and 
calcium carbonate) was washed with water till free of chloride. The chloride in the 
filtrate was estimated by standard silver nitrate solution using potassium chromate as 
the indicator. Carbon and hydrogen were also estimated by combustion. The results in- 
dicate (Table below) that the substance contains one dioxan molecule, three 
chlorine atoms and one water molecule per atom of antimony. The empirical formula 
may be written as D. SbCi,. H,O where D represents a molecule of dioxan. 


Calc. for the formula 
D. SbCl;. H,O 


26.4% 


Found. 


36 14% 
35-93 


31-79 31.85 
31.80 
13 89 14.4 

H 3.01 2.99 


c 


The dioxan and water molecule present in the compound could not be removed. in 
vacuum over H,SO,, indicating that they are very firmly bound. Dioxan having a great 
proton affinity very likely extracts the proton from the water molecule of the aquo- 
trichloro-antimony complex thus: 
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CH,-CH, 
[SbCI,; (OH,) + O O= SbCl, (OH) 


CH, CH, 


and the substance behaves as a salt. This assumption is supported by the firmly bound 
water and - dioxan molecule in the compound and the large amount of heat evolved due 
to the forniation of the compound. 

This view is also supported by the observation that the saturated solution “a auti- 
mony chloride in water reacts with calcium carbonate evolving carbon dioxide ; but after 
addition of excess of dioxan to the solution it fails to react with calcium carbonate. 
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A NOTE ON POTENTIOMETRIC TITRATION OF GALLIC ACID 
By N. A. RAMAIAH AND S. L. Gupta 


Gallic acid is one of the important constituents which offer colour and in part, the 
acid nature to the sugarcane juices ; it is a'so employed as an analytical reagent (Datta, 
this Journal, 1955, 32,687; Charlot, Anal. Chim. Acta, 1048, 1, 218). Fora clear 
understanding of the exact contribution or/ and tie role of gallic acid in the above 
process, the knowledge of the dissociation constant K of an apparently primary reaction 


COOH 


\/ VY 
OH OH 
HA = A~ + H* 


Taare I 


Determination of the dissociation constant of gallic acid. 


pu Conc. of free a. {HA} Kx 10°, 
gallic acid x 10°. 


(4) (5) (6) (7) 


0.35 


I 3.68 19.59 0.01T 19.37 1.63 1.72 

2 - 3.83 17.93 0.008 17.78 2.93 2.44 

3 “4.00 16.29 - 0.006 16.18 4.22 2 61 
4.10 _ 3474 0.005 14.67 5.48 2.96 
432. 13.21 0,005 13-15 6.73 3.09 
6 4-32 41.72 0.004 11.67 7-95 4.18 

? 10 23 9-85 3-58 

brs "0.003 8.83 10.29 3-44 
Bi 4.82 0.003. 4.81 13 59 3-48 
3-55 0.002 3-54 14.64 3.28 

13 2.30 0.002 15.67 3.05 


16.69 


12—1914P--7 


14 5-74 1.10 0.002 | 1.77 
_ 6.70 0.002 
16 7-45 
17 7-79 
18 7.90 
19 8.10 
8.18 
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is of importance, on which no data exist in the literature. The present note reports the 
determination of K by potentiometric titration method. Gallic acid of B.D.H. quality 
was recrystallised in water several times and later dried at 160°, till the product gave 
a constant m.p. (252°), A known volume of gallic acid solution was titrated against 
standard NaOH solution in an inert atmosphere of nitrogen. The E.M.F. or the H*- 
concentration at every stage of titration was measured by the combination of Beckman’s 
glass and calomel electrodes (accuracy = 0.05 of a pu unit). 


Table I records a typicai series of results obtained during titration of 70 c.c. of 
0.0213M of gallic acid against 0.1 N-NaOH at 30°+ o0.1° ; of these, the data im colummis 
and 2are shown graphically by curve 1 in Fig. 1; curve 2 represents. the data for 
60 c.c of the acid solution. These curves indicate a remarkably clear inflexion at the 
end-point of the titration. The results in column 3 represent the concentration of the 
acid minus that which was supposed to be converted into the salt. Inthe solution 
phase, a part of this free acid dissociates and contributes to the hydrogen-ion concentra- 
tion of the solution (vide supra). The observed px is therefore a measure of the amount 
of free acid dissociated into H* and A~. xz, the deyree of dissociation, is obtained by 
dividing the H*-concentration by the concentration of the free acid (column 4) ; the 
amount of the undissociated acid is shown in column 5. The data in column 6 refer to 
the concentration of the anion[A~], given by the sum of the anion produced by dissocia- 
tion of the free acid and that obtained by 
Fic, I sodium salt. ‘The results in the last column 

provide the values of K = [H*][A~]/[HA]. 
An examination of the data in the last 
coluinn indicates that A varies appreciably 
in the beginning and at the end-point of 
the titration. In the middle portion of the 
titration, the system was expected to be stable 
esp:cially on account of the buffer action 
due to the existence of corresponding though 
not equal (roughly eqivalent, only at half- 
neutralisation point) quantities of acid and 
the salt. In accord with this, over a 
considerable range of titration (7-11 
of NaOH, column.1, Table I), the value.of K 
was within 3.39°-to 3.58 107° average of 
these gave a value of 3. 48 * t0~° for K, in 
agrecsibit with the pK value computed from the observed bu (4.49 and 4: .46, curves 1 1 ‘and 

2, Fig; 1) at half-neutralisation point. ° 


tor curve 2 


pa 


4 6 -8°-10 12 “4 6 
NaOH added in c.c. 


Authors’ thanks are due to Prof. K. S. G. Doss, Director, Indian Tnstitute of Sugar 
Technology, Kanpur, for his kind interest. 
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A NOTE ON DICHLORO-ANTIMONY 8-HYDROXYQUINOLATE 


<— 
By_R. K. Patranark S. PAni 


A saturated aqueous solution of. antimony chloride contains approximately 72 g- 
mol. of antimony chloride in 100 g. mol. of water. There is evidence that the solution 
consists of aquo-trichloro-antimony and toa small extent hydroxo-trichloro-antimonite 
complexes (this issue, p. 532). - If tle above complexes actually exist in the solution it 
would be possible to replace the water molecule (or the hydroxyl ion} and some or all of 
the chlorine by powerful dovor groups. To verify this, investigations were undertaken 
in two different directions. -Ammonia and amines like pyridine etc. have comparatively 
high co-ordinating power and can replace water or chlorine from co-ordination sphere. 
It might therefore be possible to replace the water molecule or even the chlorine atoms 

-by ammonia or: amines. A pyridine complex, which has been prepared, is described in 
another note (this issue, p. 538). 

It is known that bidentate chelates can replace two groups from the co-ordination 
sphere due to the formation of five- or six- membered ring. Attempts were therefore 
made to prepare 8-hydroxyquinolate complex of antimony. The compounds 
Sb (C,H,ON), and SbO (C,H;,ON)..C),H,ON have already been reported by Pirtea 
(Z. anal. Chem. 10939, 118, 26). 

The reagents used were of Analar quality. To nearly 2 c. c. of a saturated 
aqueous solution of antimony chloride a small amount of solid 8-hydroxyquinoline was 
added when an immediate reaction started with the separation of yellow solid (excess 
of 8-hydroxyquinoline was avoided). It was then gently heated and aclear homo- 
geneous yellow liquid was obtained. This was cooled under tap when the whole liquid 
solidified. Antimony chloride and its staturated aqueous solution being highly soluble 
in ether, the above solid was repeatedly washed with ether to remove any excess of 
antimony chloride, and dried in vacuum (H,SO,). 

_ It isa yellow solid, not hydrolysed by water immediately. When heated it melts 
to a reddish liquid which on cooling solidifies toa yellowish brown product, probably 
due to partial decomposition. It dissolves in HCI (conc.) and is decomposed by alkali. 

The compound was analysed as described in the previous paper. The results are 
shown below. 

I 
» 
l'ound. Cale. for Cl N 

Antimony 35-97 36.5% 

35-93 
Chlorine 20. 21.13 


20. 
8-Hydroxyquinoline 41.43 42.85 
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A NOTE ON TRICHLORO-MONOPYRIDINO-ANTIMONY COMPLEX 


‘By R. Das anv S. PAnr 


itrs'’ne ‘ 


‘ice Addition compounds of antimony chloride with ammonia and some organic amines 
‘are known (Schiff, Annalen, 1864, 131, 116; Ber., tg01, 34, 805 ; Compt. rend., ‘1905, 
$6, 1863). The preparation of a pyridine complex with antimony chloride, not recorded 
‘before, ‘is described here. 

' ‘he chemicals used were of Analar quality. A solid product contaminated with 
pyridine is obtained when saturated aqueous solution of antimony chloride is mixed with 
‘pyridine. If however, a saturated aqueous solution of antimony chloride is mixed with 
‘ether and the homogeneous solution, thus obtained, is treated with dilute ethereal 
solution of pyridine with constant stirring, a white powder is obtained. The solid, thus 
prepared, was filtercd, washed with ether till free from antimony chloride and dried in 


vacuum (H,SO,). : 
"The compound does not hydrolyse easily in contact with water and is soluble in HCl 
(conc.). It is decomposed by caustic alkali anda small amount of oily substance, 
probably pyridine, is obtained. On heating it evolves pyridine vapour. | 
. The antimony content of the substance was determined by standard potassium 
‘bromate, and chloride content by Volhard’s method after decomposing the complex with 
dilate sodium hydroxide solution and filtering off the chloride from the insoluble oxide. 
_ Nitrogen was estimated by the Kjeldahl method. The results are: Sb, 39.65% 
‘gale. for SbCI,.CsHsN :Sb, 39.73) ; Cl, 34.03% (cale., 34.61) ; N, 4:20% (cale., 4.35). 
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WHAT’S NEW IN “QUICKFIT” ? 


QUICKFIT SEMI-MICRO ORGANIC PREPARATION SETS 
WITH SEMI-MICRO STIRRER. 


t. They are strong, safe and compact and always 
ready for use 
2. They save you chetnicals, gas, filter paper, space 
and above all time. 
3. The Stirrer is suitable for fitting directly to the 
25m] reaction flask and can be driven by vacuum 
pump, compressed air or water. 
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DO YOU KNOW 
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Resistant. to mechanical shocks 
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FOR RAPID & ACCURATE CHEMICAL ANALYSIS 


USE 
TINSLEY POLAROGRAPH 


WITH DERIVATIVE CIRCUIT 
Here are some advantages - 


* MICRO ANALYSIS 
* HIGH SENSITIVITY 
* QUALITATIVE AND QUANTITATIVE ESTIMATION 

* SIMULTANEOUS ESTIMATION OF SEVERAL CONSTI- 
TUENTS ON ONE POLARUGRAM 
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* REPEATED ANALYSIS 
* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED 

STAFF 
* ROUTINE ANALYSIS WITH SPEED AND ACCURACY 
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regulated. Stabilization better 
than 05%, ripple less than 5 
mv. r.m.s. 
* V.R. Stabilized-150V-30 ma. 
* 6.3 Volt-A.C. 8 A. unstabilized 
* 6.3 Volt—A.C.8A 


* Panel meter indicating Voltage 


Rs. 700/- 


‘Also available : 
E.H.T. Power supplies upto 2000 Volt. Wide Band Amplifiers, Pulse receivers, Sealers ete. 


Instruments are indiv.dually designed for Specific requirement. Consult us for any 
Electronic probiem. We may assist you in doing a job thoroughly and well. 


EMISSION RADIO & VARIETIES. 


Manufucturers of : ELECTRONIC APPLIANCES 
120, LOWER CIRCULAR ROAD, CALCUTTA 14. 
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HELVETICA CHIMICA ACTA 


The HELVETICA CHIMICA ACTA, founded in 1918, publishes in one 
of the three national languages the principal results of research work in pure 
chemistry carried out in Switzerland. The HELVETICA CHIMICA ACTA 
are property of the Swiss Chemical Society. Annually 7-8 numbers are 
published which members receive without charge. 


All correspondence concerning membership of the Swiss Chemical Society 
or subscriptions for the HELVETICA CHIMICA ACTA should be addressed 


to: 


SWISS CHEMICAL SOCIETY, BASLE 7. 


The competent chemist always prefers the 
METTLER-ANALYTICAL BALANCE 
MADE IN SWITZERLAND 


With the following advantages :— 


a -Automatic operation of the weights up to 200 
300 

ly | -Large optical scale of 115 Mgs. 

-Constant loading of the beam giving highest 
5 


precision throughout the complete range. 


-Reading of the weights on one single scale. 


Sole Agents :— 


| RAJ-DER-KAR & Co. 


COMMISSARIAT BUILDING 


HORNBY ROAD, -EXACT-QUICK-SURE-SIMPLE. 


FORT BOMBAY. Service facilities available at 
BOMBAY, MADRAS & CALCUTTA. 


Telephone. 27304. Telegram : “Techlab’ Ask for offers and detail literature. 
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Phone—34-3176. Telegrams—Nadiachemi. 


NADIA CHEMICAL WORKS PRIVATE LTD. 
C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA ~ 


Manufacturers of :— 


1. CHEMICAL S—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic _ 
compounds and other fine Laboratory ‘Chemicals, . - 


. STILLS for distilling Essential Oils, ‘Alcohols, 
Water, etc. 


RECTIFIERS, CONDENSERS, &c. 
. OVENS, Baths &c for Gas, Oil or Electric ‘heatings. 


Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


5. MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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Large Stockists of: 


Quickfit Interchangeable standard 


Joints and Assemblies etc, 


and 


Manufacturers of any kind of special 


Glass Apparatus of soft or vane 
Glass. 


Please Enquire to 


SCIEN’ rIFIC GLASS APPARATUS MFG. co. 
| Rates of Advertisement 


In Ordinary Pages: 
(Single insertion) 


Full Page Res, 40/- 
Quarter Page ... 15/7 
In Cover Pages : In specia! positions : 
Cover (Back) Full «. Rs. 100/- Page facing first reading matter 
oi “ Half oo. «ot 1 Page facing last page of reading matter... 
Second and Third Pages : 
Full Page .. Rs. 70/- Page facing inside front cover 
Half Page Page facing inside back cover 
Dt Closing date for advertising materials: 7th of the previous month. 
The above rates apply also to the Industrial and News Edition, 
10% Rebate allowed in cases of six consecutive full and haif page insertions, 
All communications are to be addressed to : 


The Hony. Secretary, 
INDIAN CHEMICAL SOCIETY 
92, Upper Circular Road, Calcutta-9. 
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For Laboratory Reagent Quaility Acids 
To Precise Specifications 
Acid Sulphuric Acid Nitric Acid Hydrochloric 


H.S0,:98% w/w HNO,:60.8% w/w HC1:35.30% w/w 
Sp. gr. 1.840 at 15°. Sp.gr. 1.420 at 15°. Sp. gr. 1.8 at 15°. 


Maximum Limits 


of Impurities: 


Non-Volatile Matter : 0.0025 % 0.001 % 0.0015 % 
Chloride (Cl) : 0.0003 % 0.0001 % 
Free Chlorine (C1) : — - 0.0002 % 
Nitrate (NO,): 0.00002 % 
Iodate (10,) : 0.0005 % 
Sulphate (SO,) : — 0.0003 % 0.0003 % 
Heavy Metals (Pb) : 0.0002 % 0.0002 % 0.0002 % 
Iron (Fe): 0.0001 % 0.0001 % 0.0001 % 
Arsenic (As,O,) : 0.00001 % 0.05 part 0.04 part 
per million per million 
Ammonia (NH;) : 0.0005 % 
Oxygen Absorbed (0) : 1.0001 % 
We invite orders and enquiries. 
Write us about your requirements 
for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA  :: BOMBAY :: KANPUR 
Office: 94, Chittaranjan Avenue, Calcutta-12 
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THE VIBRATION’S GONE 
...- AND SO IS THE NOISE 


THE NEW 
CENCO HYVAC—7 HIGH VACUUM PUMP 


Messrs. Central Scientific Company, makers of a series of world famous and 
widely popular vacuum Pumps, now come up with yet another remarkable high 
vacuum pump - the quiet, compact, efficient and beautifully designed HYVAC-7. 
For the floor space occupied by the pump, its pumping capacity per cubic foot 

much exceeds that obtainable by many other pumps. Free air displacement is 
70 liters per minute and the guaranteed ultimate vacuum is 0.1 micron. 


For full particulars write to 


SOLE AGENTS 


THE SCIENTIFIC INSTRUMENT Co. Ltd. 


CALCUTTA, ALLAHABAD, NEW DELHI, MADRAS, BOMBAY. 
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Indicators © 


Reagents for” 
Complexometry 


j 

Quality of Reagents 
acc, to State Standard, 
English Edition, 1955. 


For Information 


Please Apply to the 
Representative : 


BHAKTA KINI & Co., 
202, Girgaum Road. 
BomBay-4. 


"PRAHA, CZECHOSLOVAKIA 
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Laboratory Chemicals §& Reagents 


of a wide range are manufactured by us under expert 
supervision to ensure guaranteed standard & reliability. 


A selection from our range : 
Acetone 
Acid Acetic glacial 99-100% 
Alcohol Amyl 
Alcohol Methyl 
Barium Carbonate 
Barium Chloride THE CALCUTTA 
Benedicts’ Solution CHEMICAL CO., LTD. 
Benzene HEAD OFFICE: 35, Panditia Road, 


Carbon Tetrachloride Calcutta 29. 
BRANCH OFFICES & DEPOTS AT. 


Lead Acetate Delhi, Madras, Bombay, Bangalore, 
oe Vizag., Nagpur, Jamshed 

Magnesium Sulphate XL Siliguri. ’ 


| LAS! 
| NG for 


Regtd. No. C1878 


EX: DR. LANGE, GERMANY. 


MEDICO COLORIMETER MODEL IV 


This Photoelectric Colorimeter is supplied 


with scales caiibrated to read directly in @ 


percentages of compounds like Haemoglo- 


bin, Bilirubin, Albumin in Urine and in 


Serum, amino-acid, calcium, etc. 


This can also be used for other Biochemi- 


cal and clinical laboratories, like estimation 


of px, density of colour of filler paper elec- 


trophoresis strips, skin temperature, etc. 


Other instruments : Universal Photoelectric Colorimeters, 


Spectrophotometers, Polarographs, Fluorometers, Flame 


Photometers, etc. 


Available Ex: stock from 


SOLE AGENTS: 


TOSHNIWAL BROTHERS PRIVATE LTD. 


198, Jamshedji Tata Road, 
FORT, BOMBAY.1 


Branch : Branch : 
3/7 Mutiny Memorial Road, 9, Blacker’s Road, 
NEW DELHI.-6. Mount Road, 
MADRAS.2. 


Printed by Sri Sibendranath Kanjilal, Superintendent, Calcutta University Press., 48, Hazra Road., Ballygunge, 
Calcutta and Published by G. Banerjee, Esq., M.Sc., Asst. Editor., Indian Chemical Society. . 
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